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CONSTITUTION  OP  THE  ASSOCIATION. 


OBJECTS^ 


The  Society  sball  be  callecl  <•  The  American  ABSociation  for  the 
Advancement  of  Science."  The  objects  of  the  Association  are,  by 
periodical  and  migratory  meetings,  to  promote  intercourse  between 
those  who  are  cultivating  science  in  different  parts  of  the  United 
States ;  to  give  a  stronger  and  more  general  impulse,  and  a  more 
systematic  direction  to  scientific  research  in  our  country ;  and  to 
procure  for  the  labors  of  scientific  men,  increased  &cilities  and  a 
wider  usefulness. 

RULES. 

1CEMBEB& 

Rule  1.  Those  persons  whose  names  have  been  already  enrolled 
in  the  published  proceedings  of  the  Association,  and  all  those  who 
have  been  invited  to  attend  the  meetings,  shall  be  considered  mem- 
bers, on  subscribing  to  these  rules. 

Rule  2.  Members  of  scientific  societies,  or  learned  bodies,  having 
in  view  any  of  the  objects  of  this  Society,  and  publishing  transactions, 
shall  likewise  be  considered  members,  on  subscribing  to  these  rules. 

Rule  3.  Collegiate  professors  of  natural  history,  physics,  che- 
mistry, mathematics,  and  political  economy,  and  of  the  theoretical 
and  applied  sciences  generally  :  also,  civil  engineers  and  architects 
who  have  been  employed  in  the  construction  or  superintendence  of 
public  works,  may  become  members,  on  subscribing  to  these  rules. 

Rule  4.  Persons  not  embraced  in  the  above  provisions,  may  be- 
come members  of  the  Association,  upon  nomination  by  the  standing 
committee,  and  by  a  majority  of  the  members  present. 

0FFICEB& 

Rule  5.  The  officers  of  the  Association  shall  be  a  president, 
secretary,  and  a  treasurer;  who  shall  be  elected  at  each  annual 
meeting,  for  the  meeting  of  the  ensuing  year. 


CONSTITUTION  OF   THE   ASSOCIATION.  XI 

MEKTLNOS. 

RuLB  6.  The  ABsociation  shall  meet  annually,  for  one  week  or 
longer,  the  time  and  place  of  each  meeting  being  determined  by  a 
TOte  of  the  Association  at  the  previous  meeting ;  and  the  arrange- 
ments for  it  shall  be  entrusted  to  the  officers  and  the  local  committee. 

8TAKDIKO  OOMMTTTEBi 

Rule  7.  There  shall  be  a  standing  committee,  to  consist  of  the 
president,  secretary,  and  treasurer  of  the  Association ;  the  officers 
of  the  preceding  year;  the  chairmen  and  secretaries  of  the  Sections, 
after  these  shall  have  been  organized ;  and  six  other  members  pre- 
sent, who  «hall  have  attended  any  of  the  previous  meetings  :  to  be 
elected  by  ballot 

Rule  8.  The  committee,  whose  duty  it  shall  be  to  manage  the 
general  business  of  the  Association,  shall  sit  during  the  meeting,  and 
at  any  time  in  the  interval  between  it  and  the  next  meeting,  as  the 
interests  of  the  Association  may  require.  It  shall  also  be  the  duty  of 
this  committee  to  nominate  the  general  officers  of  the  Association 
for  the  following  year,  and  persons  for  admission  to  membership. 

8EanoN& 

Rule  9.  The  standing  committee  shall  organize  the  Society  into 
sections,  permitting  the  number  and  scope  of  these  sections  to  vary 
in  conformity  to  the  wishes  and  the  scientific  business  of  the  As- 
sociation, 

Rule  10.  It  shall  be  the  duty  of  the  standing  committee,  if,  at  any 
time,  two  or  more  sections,  induced  by  a  deficiency  of  scientific 
communications,  or  by  other  reasons,  request  to  be  united  into  one  ; 
or  if  at  any  time  a  single  section,  overloaded  with  business,  asks  to 
be  subdivided,  to  effect  the  change,  and  generally  to  readjust  the 
subdivisions  of  the  Association,  whenever,  upon  due  representation, 
it  promises  to  expedite  the  proceedings,  and  advance  the  purposes 
of  the  meeting. 

SECnONAL  OOMMITTEES  XSTD  OFFIGEBS. 

Rule  11.  Each  Section  shall  appoint  its  own  chairman  and  secre- 
tary of  the  meeting ;  and  it  shall  likewise  have  a  standing  committee, 
of  such  size  as  the  Section  may  prefer.  The  secretaries  of  the  sec- 
tions may  appoint  assistants,  whenever,  in  the  discharge  of  their 
duties,  it  becomes  expedient 


Xll  CONSTITtTTION  OF   THE   ASSOCIATION. 

Rule  12.  It  sball  be  tbe  duty  of  tbe  standing  committee  of  each 
Section,  assisted  by  the  chairmani  to  arrange  and  direct  the  pro- 
ceedings in  their  Section,  to  ascertain  what  written  and  oral  com- 
munications are  offered,  and,  for  the  better  forwarding  the  business, 
to  assign  the  order  in  which  these,  communications  shall  appear,  and 
the  amount  of  time  which  each  shall  occupy ;  and  it  shall  be  the 
duty  of  the  chairman  to  enforce  these  decisions  of  the  committee. 

These  sectional  committees  shall  likewise  recommend  subjects  for 
systematic  investigation,  by  membei-s  willing  to  undertake  the  re- 
searches, and  present  their  results  at  the  next  annual  meeting. 

The  committees  shall  likewise  recommend  reports  on  particular 
topics  and  departments  of  science,  to  be  drawn  up  as  occasion  per- 
mits, by  competent  persons,  and  presented  at  subsequent  annual 
meetings. 

BEPQBTS  OF  PBOOEEDIKQS. 

Rule  13.  Whenever  practicable,  the  proceedings  shall  be  re- 
ported by  professional  reporters  or  stenographers,  whose  reports  are 
to  be  revised  by  the  secretaries  before  they  appear  in  print. 

PAPERS  Am>  00MMUNI0ATI0N8. 

Rule  14.  The  author  of  any  paper  or  communication  shall  be  at 
liberty  to  retain  his  right  of  property  therein,  provided  he  declares 
such  to  be  his  wish  before  presenting  it  to  the  Society. 

GENEBAL  AND  EYENINO  MEETINGS. 

Rule  15.  At  least  three  evenings  of  the  week  shall  be  reserved 
for  general  meetings  of  the  Association,  and  the  standing  committee 
shall  appoint  these  and  any  other  general  meetings  which  the  objects 
and  interests  of  the  Association  may  call  for. 

These  general  meetings  may,  when  convened  for  that  purpose, 
g^ve  their  attention  to  any  topics  of  science  which  would  otherwise 
come  before  the  Sections ;  and  thus  all  the  Sections  may,  for  a  longer 
or  shorter  time,  reunite  themselves  to  hear  and  consider  any  com- 
munications, or  transact  any  business. 

It  shall  be  a  part  of  the  business  of  these  General  Meetings,  to 
receive  the  Address  of  the  President  of  the  last  Annual  Meeting ; 
to  hear  such  reports  on  scientific  subjects,  «s,  from  their  general 
importance  and  interest,  the  standing  committee  ihall  select  :  also 
to  receive  from  the  chairmen  of  the  Sections,  abstracts  of  the  pro- 
ceedings of  their  respective  Sections  ;  and  to  listen  to  communica- 
tions and  lectures  explanatory  of  new  and  important  discoveries  and 
researches  in  science,  and  new  inventions  and  processes  in  the  arts. 
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OBDEB  OF  PB0CEEDIN06  IN  OSOANIZINO  A  MEETINO. 

Rule  16.  The  Association  shall  be  organized  by  the  President  of 
the  preceding  Annual  Meeting.  The  question  of  the  most  eligible 
distribution  of  the  Society  into  sections  shall  then  occupy  the  atten- 
tion of  the  Association ;  when,  a  sufficient  expression  of  opinion 
heing  procured,  the  meeting  may  adjourn ;  and  the  standing  com- 
mittee shall  immediately  proceed  to  divide  the  Association  into  sec- 
tions, and  to  allot  to  the  sections  their  general  places  of  meeting. 
The  Sections  may  then  organize  by  electing  their  officers,  and  pro- 
ceed to  transact  scientific  and  other  business. 

LOCAL  COMMXTTEE. 

Rule  17.  The  standing  committee  shall  appoint  a  local  committee 
from  among  members  residing  at  or  near  the  place  of  meeting  for 
the  ensuing  year ;  and  it  shall  be  the  duty  of  the  local  committee, 
assisted  by  the  officers,  to  make  arrangements  for  the  meeting. 

SUBSOBIFTIONS. 

Rule  18.  The  amount  of  the  annual  subscription  of  each  member 
of  the  Association  shall,  be  two  dollars  ;  and  one  dollar  in  addition 
shall  entitle  him  to  a  copy  of  the  proceedings  of  the  annual  meeting. 
The  members  attending  an  annual  meeting  shall  pay,  on  registering 
their  names,  an  additional  assessment  of dollars.  These  sub- 
scriptions to  be  received  by  the  treasurer  or  secretary. 

Rule  19.  The  names  of  all  persons  two  years  and  more  in  arrears 
for  annual  dues,  shall  be  erased  from  the  list  of  members ;  provided 
that  two  notices  of  indebtedness,  at  an  interval  of  at  least  three 
months,  shall  have  previously  been  g^ven. 

ACCOUNTS. 

Rule  20.  The  accounts  of  the  Association  shall  be  audited  an- 
nnaUy,  by  auditors  appointed  at  each  meeting. 

ALTEEATI0N8  OF  THE  CONSTITUTION. 

Rule  21.  No  article  of  this  Constitution  shall  be  altered  or 
amended,  without  the  concurrence  of  three-fourths  of  the  members 
present,  nor  unless  notice  of  the  proposed  amendment  or  alteration 
shall  have  been  given  at  the  preceding  annual  meeting. 


XYl  RESOLUTIONS  AND  ENACTMENTS. 

Retohed,  That  copies  of  the  ProceedingB  of  the  American  Asso- 
ciation be  presented  to  the  New- York  Lyceum,  and  the  Philadelphia 
Academy  of  Natural  Sciences. 

Resolved,  That  the  Permanent  Secretary  be  requested  to  provide 
minute  books,  suitably  ruled,  for  the  list  of  members  and  titles  of 
papers,  minutes  of  the  general  and  sectional  meetings,  and  for  the 
other  purposes  indicated  in  the  rules. 

Readved,  That  whenever  the  Permanent  Secretary  notices  any 
error  of  fact  or  unnecessary  repetition,  or  any  other  important  de- 
ftct  in  the  papers  communicated  for  publication  in  the  proceedings 
of  the  Association,  that  he  be  authorized  to  commit  the  same  to  the 
author,  or  to  the  proper  sub-committee  of  the  standing  committee^ 
for  correction.  {ProceetUnffi  Fourth  MeeUng,  1850,  pp.  890,  891.) 

Resolved,  That  copies  of  the  Proceedings  of  the  American  Asso- 
ciation for  the  Advancement  of  Science  be  presented  to  the  American 
Academy  of  Arts  and  Sciences,  Boston ;  to  the  Boston  Society  of 
Natural  History,  to  the  New- York  Lyceum  of  Natural  History,  to 
the  American  Philosophical  Society  and  to  the  Academy  of  Natural 
Sciences  of  Philadelphia,  to  the  Smithsonian  Institution,  and  to  the 
Western  Academy  of  Natural  Sciences  at  Cincinnati. 

(Proeeeding9  Fifth  Meeting,  1851,  p.  249.) 

[  For  the  acts  of  the  Sixth  Meetiiig,  flee  page  402.] 
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PRESIDENT  OF  THE  AMERICAN  ASSOCIATION  FOR  THE  TEAR  1851, 

ON  REimiNa  FBOM  TBX  D17IDB  OF  FBBBIDXIfT. 


Oh  retiring  from  the  office  of  President  of  the  American  Association 
for  the  Advancement  of  Science,  I  suhmit,  in  conformity  with  usage, 
to  its  members,  a  few  remarks  in  relation  to  the  circumstances  at- 
tending its  organization,  and  to  its  progress,  and  some  considerations 
of  the  direction  in  which  we  may  look  for  its  greatest  usefulness. 

The  condition  of  society  and  of  science  of  the  day  seems  to  have 
called  for  the  organization  of  general  associations  for  the  promotion 
and  advancement  of  science  in  nearly  every  country  where  its  cul- 
tivators are  numerous,  zealous,  and  not  closely  gathered  in  one 
community ;  the  precursors  of  more  general  unions  for  the  same  good 
purpose.  To  render  such  meetings  practicable,  modem  facilities  of 
communication  are  indispensable ;  and  when  these  shall  have  brought 
Berlin  and  New- York  as  near  as  were  Berlin  and  Paris  at  the  close 
of  the  last  century,  we  may  pass  from  our  present  organization  to 
Bomething  characteristic  of  the  day  of  railroads  and  the  dawn  of 
telegraphs. 

As  the  want  seems  to  have  been  universally  recognized,  so  it  has 
been  modified  essentially  by  circumstances.  In  Germany,  the  cul- 
tivators of  science  have  met  in  a  social  way,  communicated,  and 
dispersed.  In  Great  Britain,  an  imposing  permanent  organization 
has  kept  the  British  Association  always  active,  even  when  not  to- 
gether. Our  own  Association  has  scarcely  developed  a  decided  track  : 
its  end,  the  advancement  of  science ;  but  the  road  to  that  end,  left 
to  the  results  of  reconnoissance  widely  made  on  each  side  of  the 
beaten  path,  to  explore  new  ways  around  or  through  the  obstacles. 


Xlii  ADDRESS   OF    THE   PRESIDENT 

Such  associations  cannot  stimulate  into  being  a  Newton  or  a 
Cuvier  ;•  but  who  can  say  how  much  more  they  would  have  enabled 
Newton  and  Cuvier  to  do,  by  removing  the  load  of  opposition  to 
their  discoveries,  by  bringing  up  the  cultivators  of  science  as  a  body 
at  once  to  the  level  of  their  knowledge,  and  by  causing  many  minor 
lights  to  shine  for  the  benefit  of  the  time,  either  by  reflection,  or  by 
the  enkindling  of  new  flame  from  their  influence  ?  Who  will  say  that 
they  do  not  return  wiser,  better,  more  zealous  according  to  know- 
ledge, from  a  meeting  with  Arago,  with  Humboldt^  with  Gauss,  with 
Brewster,  with  Faraday,  and  their  compeers ;  or,  to  come  nearer 
home,  with  Henry,  Peirce,  or  Agassizl  A  man  must  be  beyond 
improvement,  indeed,  whom  such  companionship  will,  not  benefit. 

But  is  it  true  that  genius  is  beyond  or  above  the  stimulus  of  as- 
sociation ?  Let  the  man  among  us  who  has,  if  ever  man  had  the  true 
"  divine  breath,"  tell  us,  in  simple  and  single-heartedness,  whether 
he  lefl  that  meeting  of  the  British  Association  the  same  man  who 
went  there ;  whether  the  effect  of  that  simple  and  single  figure  on 
the  blackboard,  which  showed  to  the  geologists  of  the  day  discoveries 
to  be  made,  founded  on  principles  which  created  a  new  era  in  clas- 
sification, was  limited  to  his  auditors,  or  even  to  cultivators  of  science 
through  whom  they  spread  with  lightning  rapidity  and  vividness  : 
did  it  not  react  on  him  ? 

If  such  associations  bring  out  only  common  men,  it  is  because 
there  are  none  others  within  their  sphere  of  influence.  Men  of  genius 
are  still  emphatically  men,  and  of  all  others  susceptible  most  truly 
of  human  and  humanizing  influences.  Of  them  emphatically  it  may 
be  said,  if  they  will  not  say  it  for  themselves.  Homo  sum,  ct  nil 
humanum  alienum  me  puto.  The  world  is  made  up  of  ordinary  men, 
and  it  is  the  part  of  common  sense  not  to  despise  their  doings.  The 
specimens  collected  or  the  observations  made  by  the  humblest  geo- 
logist who  ever  wielded  a  hammer,  or  the  meekest  astronomer  who 
ever  noted  a  transit,  serve  as  part  of  the  foundation  of  the  superb 
structure  raised  by  Von  Buch,  or  by  Leverrier.  If  the  zeal  of  second- 
rate  men  is  warmed  into  activity  and  directed  in  its  development  by 
such  influences,  the  general  level  of  science  is  raised  by  slow  deposit, 
which  may  on  occasion  make  mountains  by  upheaval.  Associations 
are  not  proposed  as  a  panacea,  but  only  in  cases  needing  a  moderate 
stimulant  :  they  appeal  to  some  of  the  strongest  and  best  motives 
of  our  nature. 

Let  us  now  briefly  and  rapidly  glance  at  the  general  condition  of 
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science  among  us  prior  to  and  at  the  time  of  the  formation  of  our 
Association,  the  obstacles  which  were  presented  to  its  organization, 
and  the  mode  of  its  formation. 

In  the  colonial  period  of  our  countiy,  the  professors  of  mathema- 
tics and  natural  philosophy  con-esponded  with  the  leading  scientific 
men  of  Great  Britain,  some  of  them  intimately  :  they  looked  for 
assistance  in  their  pursuits  (chiefly  those  of  astronomy)  to  them,  and 
for  direction  when  special  occasions  of  interest  rendered  their  co- 
operation desirable.  Winthrop  of  Massachusetts,  and  Rittenhouse  of 
Pennsylvania,  had  tjie  full  advantage  of  such  communion.  At  a  later 
day,  Franklin,  Canton  and  Priestley,  were  intimates,  and  cor- 
responded familiarly. 

The  generation  which  grew  up  during  our  revolutionary  struggle, 
and  after  our  independence  w^  acknowledged,  naturally  did  not 
succeed  to  these  connections  or  friendships.  The  prosecution  of 
mathematics  and  physical  science  was  neglected ;  indeed  barely  kept 
alive  by  the  calls  for  boundary  and  land  surveys  of  the  more  extended 
class,  by  the  exertions  necessary  in  the  lecture  room,  or  by  isolated 
volunteer  efforts.  As  the  country  was  explored  and  settled,  the  un- 
worked  mine  of  natural  history  was  laid  open,  and  the  attention  of 
almost  all  the  cultivators  of  science  was  turned  towards  the  develop- 
ment of  its  riches.  Descriptive  natural  history  is  the  pui*suit  which 
emphatically  marks  that  period.  As  its  exponent,  may  be  taken  the 
admirable  descriptive  mineralogy  of  Cleveland,  which  seemed  to  fill 
the  measure  of  that  day,  and  be  as  it  were  its  chief  embodiment, 
appearing  just  as  the  era  was  passing  away. 

I  do  not  propose  to  attempt  tracing  the  influences  which  have 
tunied  attention  in  America  to  a  wider  and  deeper  pursuit  of  na- 
tural, physical,  and  mathematical  science.  What  we  are  here,  at  any 
time,  lies  more  in  present  circumstances  than  in  past  history ;  and 
we  share  the  general  movement  of  the  time,  without  those  strongly 
conservative  powers  which  in  other  countries  exist  in  institutions  of 
science  and  learning  of  a  past  day.  The  calls  for  mechanical  know- 
ledge, and  for  the  applications  of  physics,  of  mathematics,  and  of 
natural  science,  have,  without  a  doubt,  thrown  us  irresistibly  into 
the  career  which  we  are  now  following,  and  which,  in  its  objects, 
aims  and  results,  partakes  of  the  general  direction  of  the  science  of 
the  world.  The  beginning  of  this  movement  was  well  nigh  stifled  by 
empiricism  in  forms,  and  in  a  strength  which  threatened  the  very  life 
of  science.  Emboldened  by  the  absence  of  accredited  tiibunals  to 
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try  its  claims,  it  proffered  boldly  its  pretensions  to  public  notice, 
calling  itself  by  the  respected  name  of  science,  and  to  outward 
seeming  entitled  to  its  use. 

In  a  small  country  town  of  France,  as  the  worshippers  were 
pouring  from  the  cathedral  church,  I  saw  drawn  up  on  the  public 
square  on  which  the  building  fronted,  a  large  barouche,  transformed 
for  the  time  into  a  stage,  from  which  a  man,  in  a  dress  imitating  that 
of  the  court  of  the  last  century,  invited  the  issuing  worshippers  to 
try  his  skill  in  pharmacy,  in  medicine  and  in  surgery,  while  a  trumpet 
sounded  occasionally  appropriate  **  alarums"  to.  call  attention  to  the 
master  charlatan.  This  was  the  old-fashioned  character,  hardly  de- 
ceiving any  but  the  most  ignorant,  though,  withal,  exhibiting  a  pow^ 
of  tooth-drawing  such  as  would  have  challenged  admiration  had  it 
been  real.  Our  charlatans  carefully  doffed  the  dress,  and  laid  aside 
the  tools  and  stage,  and  their  trumpet  was  blown  by  the  spectators. 
They  pretended,  nevertheless,  like  him  of  the  village,  to  that  which 
they  did  not  know ;  and  invited,  like  him,  the  examination  of  powers 
which  they  did  not  possess.  Had  this  association  originated  at  that 
time,  they  would  have  usurped  its  seats,  and  outvoted  the  devotees 
of  science  in  the  election  of  its  officers.  This  picture  may  seem 
overcharged ;  but  I  appeal  for  the  essential  truth  of  its  features  to 
the  fears,  which  cannot  yet  be  forgotten,  of  those  who  shrunk  for 
many  years  from  an  org^ization,  lest  with  the  form  of  science  it 
should  want  its  spirit.  The  strife,  though  not  a  public  and  avowed 
one,  has  not  been  the  less  strenuous ;  and  if  renewed  from  time  to 
time,  the  ground  gained  by  true  science  is  too  well  occupied  by 
defensive  works  to  render  any  new  attack  of  avail.  Our  real  danger 
lies  now  from  a  modified  charlatanism,  which  makes  merit  in  one 
subject  an  excuse  for  asking  authority  in  others,  or  in  all ;  and,  be- 
cause it  has  made  real  progress  in  one  branch  of  science,  claims  to 
be  an  arbiter  in  others.  Sometimes  this  authority  is  thrust  on  men 
whot  not  haying  the  force  to  enlighten  those  who  press  them  as  to 
their  real  claims,  injure  the  cause  they  would  fain  promote,  by  being 
too  impressible.  Merit  thus  moulded  assumes  the  form  of  the  im- 
pressing body.  Whether  the  authority  be  seized  or  accepted,  it  is 
unlawful ;  the  usurpers  wear  the  shoes  and  buckles,  if  not  the  whole 
costume.  This  form  of  pretension  leads  men  to  appeal  to  tribunals 
for  the  decision  of  scientific  questions,  which  are  in  no  way  com- 
petent to  consider  them ;  or  to  appeal  to  the  general  public  voice 
from  the  decbions  of  scientific  men  or  scientific  tribunals,  in  matters 
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which*  as  they  only  are  in  possession  of  the  knowledge  necessary  to 
make  a  right  decision,  so  they  only  can  give  one  which  is  valid.  In 
a  country  where  every  thing  is  free,  and  every  one  may  ohtain  a 
hearing,  notoriety  is  oAen  dearly  purchatted  by  the  sacrifice  of  some 
portion  of  real  reputation.  Let  us  Rrmly  discountenance  the  wearing 
even  of  buckles.  If,  even,  we  would  couut  reputation  by  votes  alone; 
the  voice  of  one  man  of  science  is  sure  to  be  followed  by  many  votes 
fix>m  the  genera]  throng. 

The  absence  of  a  minute  subdivision  in  the  pursuit  of  science,  th# 
prevalence  of  general  lecturing  on  various  branches,  the  cultivatioil 
of  the  literature  of  science  rather  than  of  science  itself,  has  produced 
many  of  the  evils  under  which  American  science  has  labored,  and 
which  are  now  passing  away.  .You  have  so  much  ground  to  clear, 
said  an  intelligent  foreigner,  that  you  cannot  give  all  your  time  to 
one  garden  spot.  We,  though  still  farmers,  begin  to  garden.  While 
a  general  knowledge  of  various  branches  of  science  is  useful  in  de> 
veloping  even  a  single  branch,  it  is  still  certain  that  subdivision  is 
essential  to  advancement.  An  Admirable  Grichton  rather  fixes  aifc- 
tention  on  his  &um  perfection,  than  perfects  any  art. 

Lecturing  and  the  pursuit  of  science  have,  with  us,  up  to  this  time, 
been  very  closely  connected.  It  has  been  necessary  to  teach,  and 
generally  to  lecture,  in  order  to  obtain  means  to  pursue  research ; 
and  the  advantage  which  results  from  investigation  is  even  nonv  not 
BO  clearly  seen  as  it  ought  to  be  by  those  who  direct  our  institutions : 
they  have  yet,  in  many  cases,  to  learn  that  the  real  estimate  of  ^ 
professor's  services  is  not  always  the  number  of  his  hours  on  the 
college  roster.  Lecturing  is,  of  all  the  arts,  one  of  the  most  easily 
acquired,  at  least  by  our  countrymen  :  it  is  undoubtedly  useful,  and 
most  agreeable,  but  should  not  be  the  object  and  end  of  a  man's 
career.  It  is  not  necessary  to  found  institutions  especially  for  its 
encouragement ;  nor  should  the  power  to  diffuse  science  in  success* 
ful  courses  of  lectures  be  considered  as  a  substitute  for  exertion  in 
its  advancement.  One  of  the  best  lecturers  in  the  world,  confessedly 
so,  made  as  great  a  failure  in  his  first  attempt  as  there  is  on  record ; 
and  no  one  could  detect  the  germ  of  one  of  our  most  brilliant  lee* 
tarers  in  the  unpromising  envelope  presented  at  a  first  lecture. 

I  remember  well  the  chilling  effect  produced  upon  me,  when 
young,  by  the  remark  of  one  of  our  leading  literary  men,  applied  to 
a  distinguished  scientific  writer,  that  he  was  not  a  **  mere  dry  man 
of  science.''  The  remark  was  intended  for  advice,  and  I  pondered 


Xlvi  ADDRESS  OF   THE    PRESIDENT 

over  it.  Perhaps  I  did  not  despise  dryness  as  I  ought ;  for  the  oh- 
servation  was  drawn  out  hy  my  unwillingness  to  undertake  a  notice 
of  the  first  volume  of  Bowditch's  Mecanique  Celeste,  some  ten  days 
after  it  appeared.  Delighted  with  the  idea  of  haying  the  rich  stores 
of  that  incomparahle  volume  placed  within  the  reach  of  a  reader  of 
the  differential  and  integral  calculus,  I  thought  it  profaneness  to 
pretend  to  have  read  it  in  so  brief  a  time.  The  immortal  work  was 
noticed  by  a  more  rapid  reader.  It  was  not  then,  and  is  not  now,  the 
prevailing  fault  of  our  science  to  be  dry ;  nor  is  dryness  one  of  the 
tendencies  of  our  Association.  I  have  sometimes  thought  there  was 
danger  of  the  opposite. 

There  is  nothing  more  marked  in  different  countries  than  the  dif- 
ference in  facility  of  expression.  Nothing  certainly  struck  me  with 
more  force  than  the  contrast  between  the  happy  fluency  with  which 
the  Irish  men  of  science  brought  out  their  ideas,  and  the  difficulty 
which  marked  the  expression  of  thought  by  their  brethren  on  the 
other  side  of  the  channel.  Some  of  the  most  brilliant  discussions 
which  I  heard  were  in  the  French  Academy,  where  the  absence  ot 
dryness  certifies  that  dryness  is  not,  as  in  bitter  reflection  I  may 
have  supposed,  a  test  of  soundness. 

The  world's  philosopher,  Humboldt,  speaks  of  the  *'  self  compla- 
cent diffuseness"  of  Aristotle  ;  and  if  the  Stagirite  could  show  it  in 
writing,  we  may  well  pardon  it  in  oral  communications.  Manner  is 
sometimes  the  index  of  mental  workings,  but  not  always.  Much  self- 
reliance  may  exist  under  a  modest  exterior,  as  apparent  forwardness 
of  manner  may  coexist  with  a  modest  opinion  of  one's  self.  Let  us 
be  tolerant,  unless  we  see  the  buckles. 

When  the  effort  was  first  made  to  establish  a  general  American 
Association  for  the  promotion  of  science,  it  is  certain  that  it  met  with 
considerable  opposition.  There  were  various  reasons  for  this.  From 
close  communication  with  many  who  are  now  active  members  of  the 
Association,  I  know  why  this  fear  prevailed  over  their  hopes  of  the 
usefulness  of  such  an  institution.  The  opposition  came  not  more  from 
those  who  were  habitually  conservative,  than  from  those  who,  being 
earnest  in  regard  to  the  progress  of  science,  are  usually  in  favor  of 
all  progressive  measures.  It  proceeded  from  no  under-estimate  of  the 
strength  which  there  was  among  the  cultivators  of  science.  Some  of 
us  had  studied  the  workings  of  the  British  Association,  and  had  been 
convinced  of  the  absolute  necessity  for  the  attendance  there  from 
year  to  year  of  the  men  of  the  universities,  to  give  a  tone  to  the 
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proceedings ;  and  were  alarmed,  perhaps,  at  the  forays  into  the 
domain  of  science,  which  had  there  been  witnessed  in  some  of  the 
less  powerful  sections,  and  even  into  the  park  of  Section  A  itselE 
So  far  from  having  been  trained  in  the  same  schools,  we  scarcely 
knew  each  other  personally.  How  could  we  irregulars  venture  into 
conflict,  when  the  files  to  our  right  and  to  our  left  were  strangers  to 
us,  and  when  the  cause  might  thus  have  suffered  from  the  want  of 
discipline  of  its  volunteer  support  1 

It  was  very  prudently  left  for  the  geologists  to  begin  the  work.  In 
looking  back,  I  see  no  reason  to  regret  that  such  counsels  prevailed. 
The  geological  surveys  making  in  several  States  rendered  meetings 
of  those  engaged  in  them  very  necessary,  for  comparison,  discussion, 
systematic  effort;  for   counsel,  aid,  and   mutual   improvement.  A 
classification,  or  the  basis  of  one,  was  to  be  made ;  and  only  by  dis- 
cussion, in  such  a  body,  could  it  be  formed.  In  that  association,  po- 
sitive work  was  the  test  of  consideration  :  to  be  heard,  a  man  must 
h^Yedone  something  ;  and  the  more  he  had  done,  the  more  patiently 
he  was  listened  to.  Thus,  far  deeper,  morally,  than  the  comparative 
depths  which  they  explore,  the  geologists  laid  the  foundation  of  the 
American  Association.  The  naturalists  associated  themselves  with 
the  nucleus  thus  afforded,  and  the  association  became  one  of  geo- 
logists and  naturalists.  Chemistry  occupied  from  the  beginning  a 
portion  of  the  attention  of  the  Association,  in  its  necessary  con- 
nection with  geology  ;  at  first  a  small,  then  a  more  extended  part. 
Meteorology,  which  the  circumstances  of  our  country  have  made 
necessarily  one  of  the  branches  of  physics  most  successfully  pursued 
among  us,  assisted  in  the  further  development ;  and  calling  in  the 
votaries  of  general  physics  and  mathematics,  the  association  was 
expanded  to  its  present  dimensions,  and  became  the  American  As- 
sociation for  the  Advancement  of  Science.  May  the  care  thus  taken 
in  gradually  raising  the  edifice  from  a  firm  foundation,  secure  ita 
long  duration  1 

I  propose  now,  though  conscious  that  the  discussion  must  be  a 
very  limited  and  imperfect  one,  to  add  a  remark  to  what  has  already 
been  said  on  the  benefits  of  associations  like  our  own,  to  discuss  the 
special  advantages  of  our  meetings ;  pointing  out,  as  well  as  I  may, 
those  directions  most  likely  to  lead  to  our  object,  and  some  which  I 
think,  however  alluring,  should  not  be  followed.  But  first  a  few 
observations  on  the  ordinary  modes  of  promoting  science ;  in  con- 
nexion with  which,  I  would  throw  out  for  your  consideration  some 
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reasons  which  induce  me  to  believe  that  an  institution  of  science, 
supplementary  to  existing  ones,  is  much  needed  in  our  country,  to  guide 
public  action  in  reference  to  scientific  meters. 

One  of  the  modes  apart  from  education,  by  which,  by  common 
consent,  everywhere  science  has  been  promoted,  has  been  by  the 
organization  of  societies  for  holding  meetings,  and  publishing  trans- 
actions and  proceedings.  Local  institutions  of  this  sort  exist  in  all 
parts  of  the  civilized  world,  sometimes  endowed  by  the  government, 
sometimes  by  individuals,  and  sometimes  supported  by  voluntary 
contributions.  To  affirm  that  these  institutions  are  not  useful,  would 
be  to  contradict  universal  experience  :  to  withdraw  our  support  from 
them,  because  they  had  failed  to  do  all  the  good  desirable,  would  be 
Utopian.  The  present  condition  of  science  in  France  is  in  a  great 
degree  due  to  its  Institute,  which  took  the  place  of  a  less  effectively 
organized  body,  when  the  nation  determined  to  be  the  immediate 
patron  of  science.  The  departments  have  their  societies,  and  some, 
as  those  of  Lille  and  Lyons,  with  considerable  vitality.  In  Great 
Britain,  there  is  no  large  town  without  its  philosophical  or  natural 
history  society ;  and  in  all  the  more  important  cities,  there  are  as 
many  societies  as  prominent  departments  of  scientific  research.  In 
London,  the  subdivision  is  still  more  minute,  and  some  branches  have 
more  than  one  association  devoted  to  their  advancement.  Science 
cannot,  in  its  writings  of  research,  appeal  to  the  mass  of  general 
readers  ;  and  must  be  furnished,  by  association  or  endowment,  with 
even  its  means  of  publication.  Applied  science  is  profitable  in  a 
pecuniary  sense ;  but  abstract  science,  on  which  the  other  hangs,  is 
not  remunerating.  Yet  how  many  applications  flow  from  one  prin- 
ciple !  The  world  would  gain,  in  a  very  high  ratio,  by  bestowing  its 
rewards  for  principles,  instead  of  for  applications. 

With  us,  two  philosophical  societies  only  have  struck  very  deep 
and  wide  their  roots  :  the  American  Philosophical  Society  of  Phi- 
ladelphia,  and  the  American  Academy  of  Boston ;  and  several  so- 
cieties for  the  encouragement  of  natural  history  have  been  perma- 
nently useful.  Not  one  of  these  associations  is  well  endowed.  For 
our  only  endowed  national  institution  (the  Smithsonian),  we  are 
indebted  to  the  liberality  of  a  foreigner ;  and  had  it  fivefold  its 
present  endowment,  it  would  not  be  able  to  meet  the  actual  demands 
upon  its  funds  for  purposes  embraced  in  what  its  learned  Secretary 
has  classed  as  its  "  active  operations"  for  *'  the  increase  and  diffusion 
of  knowledge." 
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The  Institute  of  France  gives  its  members  a  moderate  support, 
that  the  country  may  have  the  benefit  of  their  labors.  The  other 
institutions  afford  means  for  the  publication  of  researches,  but  not, 
usually,  for  making  them ;  nor,  except  incidentally  in  the  persons  of 
their  officers,  do  they  support  their  members.  The  means  furnished 
for  educational  purposes  are  those  generally  which  enable  the  vo- 
taries of  abstract  science  to  live.  Where  there  are  richly  endowed 
universities  and  colleges,  governed  by  the  academic  body  itself,  the 
facilities  thus  afforded  are  so  extended  as  to  require  few  others. 
Where  institutions  depend  mainly  upon  the  fees  of  pupils  for  their 
support,  or,  being  endowed,  are  governed  by  those  who  take  narrow 
views  of  the  labors  of  scientific  men,  the  professors  are  so  loaded 
down  with  labor  that  neither  body  nor  mind  is  capable  of  effective 
research.  How  very  many  there  are  who  want  only  time  and  means 
for  reseasch,  to  advance  those  departments  in  which  they  now  mere- 
ly impart  the  doings  of  others !  Will  not  a  more  healthy  tone  of 
opinion  arise  in  time  on  this  subject,  from  our  intercommunication, 
and  the  candid  expression  of  temperate  and  mature  opinions  ? 

Some  of  our  institutions,  and  prominently  among  them  the  Frank- 
lin Institute  of  Pennsylvania,  have  furnished  means  for  experiments 
on  important  subjects,  and  enlisted  their  most  zealous  members  in 
researches ;  but  even  here  the  laborers  were  without  hire,  though 
neither  they  nor  their  works  were  deemed  unworthy  of  it.  Some  of 
these  researches  remain  to  this  day  unpublished,  from  the  necessary 
withdrawal  of  the  members  to  other  spheres  of  active  exertion  re- 
quiring all  their  time  and  thought ;  and  will,  if  they  have  not  already, 
become  obsolete  by  the  progress  of  the  branches  to  which  they 
belong.  Among  the  obstacles  to  the  progress  of  science  with  us, 
must  be  reckoned,  as  one  of  the  largest,  the  want  of  direct  support 
for  its  cultivators  as  such. 

It  is,  I  believe,  a  common  mistake,  to  associate  the  idea  of  acade- 
mical institutions  with  monarchical  institutions.  We  show  in  this,  as 
b  many  other  things,  the  prejudice  of  our  descent.  We  have  among 
us  the  two  extremes  of  exaggerated  nationality  and  of  excessive 
imitation  :  let  us  modify  each  by  the  other,  and  be  wise.  A  national 
institute  is  not  necessary  to  Great  Britain,  with  her  rich  and  powerful 
universities.  Republican  France  has  cherished  her  Institute,  seeking 
rather  to  extend  than  to  curtail  its  proportions.  One  of  the  most 
ardent  of  republicans  is  its  perpetual  secretary  —  that  setting  sun, 
whose  effulgence  shows  that  it  is  merely  passing  below  the  horizon 
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to  illuminate  another  sphere !  Nor  does  the  idea  of  a  necessary 
connexion  between  centralization  and  an  institutton  strike  me  as  a 
valid  one.  Suppose  an  institute  of  which  the  members  belong  in  turn 
to  each  of  our  widely  scattered  States,  working  at  their  places  of 
residence,  and  reporting  their  results ;  meeting  only  at  particular 
times,  and  for  special  purposes ;  engaged  in  researches  self-directed, 
or  desired  by  the  body,  called  for  by  Congress  or  by  the  Executive, 
who  furnish  the  means  for  the  inquiries.  The  detail  of  such  an  or- 
ganization could  be  marked  out  so  as  to  secure  efRciency  without 
centralization,  and  constant  labor  with  its  appropriate  results.  The 
public  treasury  would  be  saved  many  times  the  support  of  such  a 
council,  by  the  sound  advice  which  it  would  give  in  regard  to  the 
various  projects  which  are  constantly  forced  upon  their  notice,  and 
in  regard  to  which  they  are  now  compelled  to  decide  without  the 
knowledge  which  alone  can  ensure  a  wise  conclusion.  The  men  of 
science  who  are  at  the  seat  of  government  either  constantly  or  tem- 
porarily, are  too  much  occupied  in  the  special  work  which  belongs 
to  their  official  occupations,  to  answer  such  a  purpose ;  besides,  the 
additional  responsibility  which,  if  they  were  called  together,  they 
must  necessarily  bear,  would  prove  too  great  a  burthen,  considering 
the  fervid  zeal,  and  I  might  almost  say  fierceness,  with  which  ques- 
tion^ of  interest  are  pursued,  and  the  very  extraordinary  means 
resorted  to  to  bring  about  a  successful  conclusion.  If  it  were  ad- 
missible that  I  should  go  into  detail  on  this  subject,  I  could  prove 
the  economy  of  a  permanent  consulting  body  like  this.  This  is, 
however,  a  lower  view  than  the  saving  of  character  by  avoiding 
mistakes  and  misdirection  of  public  encouragement,  and  by  loss  of 
opportunity  of  encouraging  that  which  is  really  useful.  I  should 
subject  the  Association  to  some  criticism  if  I  unfolded  this  subject 
specifically,  particularizing  the  errors  here  generally  alluded  to ; 
and  I  abstain,  merely  remarking  that  the  amount  which  would  have 
been  saved  to  one  department  of  the  government  alone,  from  the 
application  of  the  principle  of  the  equality  of  action  and  reaction, 
would  have  supported  such  a  council  for  twenty  years,  including  the 
furnishing  of  means  to  show  experimentally  the  applications  of  the 
principle  to  the  case  in  question.  Not  only  in  new  undertakings 
would  the  advice  of  such  a  body  be  most  important,  but  they  would 
be  appealed  to  for  information  in  regard  to  existing  ones,  and  would 
prove  most  serviceable  in  advising  in  doubtful  points. 

Our  country  is  making  such  rapid  progress  in  material  improve- 
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ment,  that  it  is  impossible  for  either  the  legislative  or  executive 
departments  of  our  Government  to  avoid  incidentally,  if  not  directly, 
being  involved  in  the  decision  of  such  questions.  Without  specifica- 
tioDt  it  is  easy  to  see  that  there  are  few  applications  of  science  which 
do  not  bear  on  the  interests  of  commerce  and  navigation,  naval  or 
military  concerns,  the  customs,  the  light-houses,  the  public  lands, 
post-offices  and  post-roads,  either  directly  or  remotely.  If  all  exa- 
mination is  refused,  the  good  is  confounded  with  the  bad,  and  the 
Government  may  lose  a  most  important  advantage.  If  a  decision  is 
left  to  influence,  or  to  imperfect  knowledge,  the  worst  consequences 
follow. 

Such  a  body  would  supply  a  place  not  occupied  by  existing  in- 
stitutions, and  which  our  own  is,  from  its  temporary  and  voluntary 
character,  not  able  to  supply. 

Astronomy,  chiefly  at  first  from  its  connection  with  navigation, 
has  been  the  science  which  all  governments,  our  own  inclusive,  have 
selected  to  encourage ;  iR)stering  thus  one  of  the  highest  branches  of 
theoretical  science,  on  account  of  its  practical  applications.  It  may 
be  truly  said  that  we  know  more  of  the  laws  which  govern  the  mo- 
tions of  the  distant  bodies  of  the  universe,  than  we  do  of  those  which 
regulate  the  constitution  of  bodies  around  us.  Would  not  the  same 
results,  or  assuredly  similar  ones,  flow  from  a  systematic  encourage- 
ment for  a  long  period  of  any  one  branch  of  science  ?  The  experi- 
ment is  certainly  worth  trying. 

If  meteorology  could  be  encouraged  with  a  world-wide  patronage, 
like  astronomy,  what  practical  and  theoretical  results  would  not  be 
derived  ?  The  results  of  even  the  partial  eflbrt  made  in  behalf  of 
magnetism  and  meteorology,  is  encouraging  :  brief  as  the  term  has 
been,  the  materials  are  gathered,  or  gathering,  from  which  important 
conclusions  are  daily  derived,  and  which  await  the  master  mind 
to  weave  into  new  "Principia,"  a  new  "M^canique,"  or  a  new 
"  Theoria." 

Every  man  of  genius  seems,  on  setting  out  from  the  mental  level 
where  education  and  circumstances  have  placed  him,  to  be  capable 
of  a  certain  amount  of  efibrt  in  his  "journey  to  the  stars,"  and  no 
more.  Even  animal  natures  are  educated  to  view  railroads  without 
fright,  first,  and  then  without  emotion,  even  of  curiosity.  No  professor 
of  physics  lives  that  studies  his  pupils,  who  has  not  been  disappointed 
al  some  time,  after  the  elaborate  preparation  of  a  new  experiment, 
to  find  how  coldly  it  was  looked  upon  :  it  was  new  to  him ;  but  to 
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his  class  all  was  new,  and  the  same  level  included  the  motion  of  a 
needle  by  the  galvanic  current,  and  the  magnetism  of  oxygen.  The 
next  generation  will  start  from  the  level  of  the  steamboat,  the  rail- 
road, the  phototype,  and  the  telegraph. 

It  has  seemed  abroad,  and  with  us  in  the  United  States,  that 
something  more  was  wanting  to  keep  up  the  healing  motion  in  the 
waters  of  science,  than  was  obtained  from  the  existing  institutions 
already  alluded  to ;  that  without  interfering  with  their  useful  labors, 
good  was  to  be  gaiped  by  bringing  their  members  together  in  one 
general  association,  holding  its  meetings  in  different  places,  in  part 
to  give  facilities  for  attendance  to  different  persons  in  turn,  and  in 
part  to  stimulate  local  exertion  by  the  influence,  so  important  in 
social  as  well  as  chemical  action,  of  praence.  Are  such  associations 
destined  to  an  enduring  existence,  or  are  they  only  to  be  temporaiy 
in  their  action  ?  Is  their  animation  to  be  life-long,  or  to  be  from  time 
to  time  suspended  1  If  the  want  which  they  supply  is  temporary, 
they  will  have  spring-time,  summer,  and  winter.  If,  having  fulfilled 
their  end,  they  pass  into  other  forms  of  institutions  better  adapted 
to  the  wants  of  science,  we  will  not  regret  their  longer  or  shorter 
life,  nor  hold  them  less  in  veneration  that  they  died.  The  good  they 
may  do,  cannot  be  lost. 

Separated  by  vast  distances,  scattered  in  larger  or  smaller  com- 
munities, the  daily  avocations  of  men  of  science  in  the  United  States 
keep  us  asunder.  Our  small  numbers  at  any  one  point  produces  all 
the  bad  influences  of  isolation.  We  feel  cut  off  from  the  world  of 
science,  and  sink  discouraged  on  account  of  the  isolation  ;  or  having 
a  position  in  the  community  about  us,  we  become  content  to  enjoy 
this,  and  forget  that  we  owe  a  duty  to  the  world  outside ;  that  we 
ought  to  increase,  as  well  as  to  diffuse ;  to  labor,  as  well  as  to  enjoy 
the  labor  of  others.  Our  country  asks  for  other  things  from  us  than 
this ;  and  men  of  science  of  this  day  will,  as  in  times  past,  labor  for 
progress.  We  will  hope  to  have  *<  American  methods"  in  the  other 
branches  of  science,  besides  practical  astronomy. 

If  these  associations  have  proved  themselves  of  value  in  other 
countries,  and  have  commanded  the  support  of  all  their  most  active 
and  eminent  men  of  science  so  as  to  continue  their  meetings  year 
after  year,  there  is  none  where  they  could  have  promised  to  be  so 
important  to  the  interests  of  national  science  as  in  the  United  States. 
Organization  here*  for  good  or  for  evil,  is  the  means  to  the  end. 
While  science  is  without  organization,  it  is  without  power  :  power- 
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les8  against  its  enemies,  open  or  secret ;  powerless  in  the  hands  of 
false  or  ihjadicious  friends.  Not  wedded  to  existing  forms,  this 
country  is  alive  to  everything  which  promises  improvement ;  and 
the  public  mind,  in  this  or  that  place,  or  in  the  whole  country,  made 
almost  a  physical  point  by  the  electric  telegraph,  runs  irresistibly  in 
one  course,  the  result  of  wise  or  evil  counsels,  of  knowledge  or  half- 
knowledge.  Honor  to  that  great  statesman  who,  passing  beyond  the 
limits  of  our  political  and  social  institutions,  came  forward  on  our 
national  anniversary  to  direct  the  minds  of  the  people  in  tracing  the 
progress  of  our  country  by  its  education,  its  religion,  its  literature, 
and  its  science! 

Many  of  our  States  are  anxiously  alive  to  the  promotion  of  science, 
both  directly  and  indirectly ;  and  it  is  of  the  greatest  importance, 
that  in  moving,  they  should  go  rightly.  The  legislative  and  executive 
branches  of  our  General  Government  are  called  upon  often  to  decide 
questions  which  belong  rather  to  scientific  than  to  political  tribunals. 
A  timely  recommendation  by  a  scientific  congress  would  frequently 
be  a  relief  from  serious  emban*assment,  and  ensure  the  most  bene- 
ficial results  to  the  progress  of  science.  The  abuse  of  such  power  is 
less  to  be  expected  in  this  than  in  other  bodies,  because  reacting 
immediately  upon  the  body  itself.  Thus  far  no  single  recommendation 
made  by  the  American  Association  has  fallen  powerless  :  they  have 
both  done  positive  good,  and  averted  positive  evil. 

In  looking  at  the  labors  of  associations  like  our  own,  we  naturally 
desire  to  emulate  them  ;  and  the  spirit  of  imitation  is  second  nature. 
We  are  prone  to  think,  that  what  is  well  done,  and  successfully,  by 
others,  we  should  prove  our  ability  to  do ;  and  that  omission  is  a 
confession  of  inability.  On  a  warm  and  sunny  afternoon,  I  saw  the 
company  in  a  railroad  car  prepare  a  shade  before  leaving  the  depot, 
by  raiding  the  blinds  on  the  east  side,  because  some  one  who  had  his 
head  turned  set  the  example.  The  value  of  the  example  which  we 
would  emulate  or  imitate,  may  consist  in  the  circumstance — on  the 
side  where  the  sun  is. 

Let  us  take  up  some  of  the  leading  objects  to  which  other  associa- 
tions have  usefully  devoted  their  energies,  and  see  whether  they 
constitute  leading  marks  for  our  course. 

One  of  the  most  useful  fruits  of  associated  scientific  labor  is  in 
making,  directing,  or  furnishing  the  means  and  appliances  for  ex- 
perimental researches.  There  is  a  class  of  experiments  and  observa- 
tionsy  the  plan  of  which  con  be  laid  out  beforehand,  and  which  it  is 
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eminently  the  province  of  associations  to  undertake.  The  British 
Association  has  distinguished  itself  by  directing  such  thrdugh  com- 
mitteeSi  and  considerable  appropriations  have  been  made  for  their 
necessary  expenses.  The  fee  of  membership  in  that  association  is 
large ;  the  number  of  members,  very  large  :  we  cannot  expect  to 
emulate  it  in  our  pecuniary  means.  The  treasury  of  our  Association 
has  been  relieved  by  the  liberality  of  the  city  of  Charleston,  and  of 
the  citizens  of  Cincinnati,  from  the  cost  of  publishing  the  proceedings 
of  the  meetings ;  and  yet  it  is  very  scantily  snpplied.  Can  we  collect 
means  for  directing  researches,  unless  from  unlooked-for  individual 
munificence  ?  1  think  not.  Nor  do  I  see  that  working  spirit  in  our 
committees,  which  alone  could  bring  experiments  to  a  successful 
conclusion.  The  Association  disperses ;  the  members  separate,  and 
there  is  no  stimulus  to  apply  to  comil^ittees  for  the  half  or  the  whole 
year.  Even  the  physical  constants  we  have  called  for,  have  not  been 
reported. 

There  is  one  subject  in  this  connection,  which  I  feel  it  my  duty 
briefly  to  advert  to.  Painful  though  it  be,  it  should  not  be  passed  by. 
I  do  not  see,  on  the  part  of  the  younger  members  of  the  Association, 
that  disposition  which  belongs  to  their  time  of  life,  to  take  the  la- 
boring oar  in  the  details  of  our  own  work,  and  without  which  even 
the  temporary  labors  of  our  meetings  cannot  be  long  borne.  Perhaps, 
from  modesty,  they  shrink  from  the  responsibility.  If  so,  let  them  be 
encouraged  to  do  their  part,  in  confidence  that  the  desire  to  serve 
will  be  fully  appreciated  by  the  Association. 

I  cannot  see  that  experimental  researches,  undertaken  from  its 
funds  and  executed  by  its  committees,  can  -successfully  form  part  of 
the  regular  business  of  this  Association. 

These  remarks  I  do  not  at  all  apply  to  cases  where,  means  being 
furnished  by  public  or  private  munificence,  the  question  is  mei%ly  to 
direct  a  plan  of  operations.  We  can,  assuredly,  to  advantage,  direct 
the  researches  of  others  by  suggesting  what  it  is  desirable  to  do,  or 
how  it  should  be  done.  If  experiments  on  the  change  of  level  of  our 
coast,  on  the  sediments  of  rivers  and  estuaries  and  the  like,  are 
desired  by  geologists ;  if  special  collections  are  desired  by  our  na- 
turalists, and  there  are  public  works  to  which  these  matters  ap- 
propriately belong,  or  private  individuals  who  desire  to  see  them 
carried  through,  this  Association  is  a  very  proper  body  to  suggest 
the  observations  and  to  furnish  instructions. 

The  standing  committee  of  the  Association,  and  others  organized 
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to  act  during  the  meetings,  have  always  done  much  work.  The 
members  devote  themselves  to  the  Association  sedulously  during  the 
days  of  meeting.  Why  not  limit  ourselves  generally  to  those  subjects 
and  matters  which  our  committees  can  transact  during  the  period  of 
meeting,  and  why  not  give  time  for  committees  to  deliberate  t  Do 
we  not  press  matters  too  much,  for  the  interest  of  the  Association  ? 
After  close  observation,  I  believe  that  we  do.  We  ought  to  allow 
ourselves  time  to  do  well  what  we  undertake. 

The  same  course  of  reasoning  would  lead  me  to  the  same  con- 
clusions in  regard  to  computations  to  be  made  under  the  direction 
of  the  Association ;  another  field  of  usefulness,  which  the  British 
Association  has  fully  entered  into,  attaching  its  name  to  the  most 
extended  and  best  arranged  catalogue  of  the  stars  which  has  yet 
been  published. 

If  we  would  attempt  reports  on  the  progress  of  science  like  those 
which  were  so  perseveringly  and  admirably  kept  up  by  the  illustrious 
Secretary  of  the  Swedish  Academy,  or  like  those  which  have  ema- 
nated from  the  committees  and  members  of  the  British  Association, 
we  are  on  preoccupied  ground,  with  disadvantages  of  position  and 
of  pecuniary  resources.  Not  only  must  we  compete  in  our  own  Ian- 
gruage  abroad,  but  with  an  institution  at  home  ( the  Smithsonian), 
which,  finding  this  field  of  usefulness  untilled  among  us,  has  fully 
entered  upon  it.  This  career  of  usefulness  is,  except  on  special 
occasions,  not  open  to  us. 

The  objects  of  our  Association  are  to  be  considered  as  they  act 
directly  to  increase  the  amount  of  scientific  knowledge,  or  indirectly 
by  the  effect  on  the  associates  who  attend  the  meetings,  or  the  com- 
munities where  they  are  held. 

Without  a  published  record  of  our  doings,  the  effect  of  our  As- 
sociation would  be  limited  to  the  members  who  attended  the  meet- 
ings, and  the  importance  of  publishing  has  been  recognized  in  the 
informal  arrangements  from  year  to  year  in  reference  to  it.  The 
zeal  of  the  local  committees  at  Charleston  and  Cincinnati  not  only 
relieved  the  Association  from  the  expense  of  publishing  the  volumes, 
but  carried  them  rapidly  through  the  press.  To  the  local  secretary 
at  Charlestpn,  Prof.  Lewis  R.  Gibbes,  and  the  permanent  secretary 
of  the  Association,  Prof.  Spencer  F.  Bahid,  we  are  indebted  for  the 
promptness  with  which  the  volumes  of  the  Charleston  and  New* 
Haven  meetings  appeared.  When  the  meetings  are  merely  annual, 
there  will  be  time,  it  is  hoped,  to  permit  authors  carefully  to  examine 


Ivi  ADDRESS   OF    THE    PRESIDENT 

the  proofiheets  of  their  papers,  without  which  dispatch  is  gained  at 
the  expense  of  accuracy. 

It  is  hardly  possihle  that  the  puhlication  of  our  proceedings  should 
interfere  with  the  transactions  of  other  learned  societies.  Our  mate- 
rials consist  essentially  of  abstracts  or  of  brief  communications,  of 
accounts  of  researches  of^en  in  progress,  and  notes  which  difier 
entirely  from  the  elaborate  memoirs  appropriate  to  such  transactions. 
The  memoirs  of  learned  societies,  with  us,  have  always  been  pu- 
blished at  considerable  intervals  of  time  ;  and  I  am  not  aware  that 
the  intervals  have  been  increased  since  our  organization.  There  is 
unmistakable  evidence  in  the  activity  of  the  American  Journal  of 
Science,  that  we  do  not  intei*fere  with  it. 

At  our  meetings  have  been  presented  338  communications ;  of 
\  which,  107  have  beeu  on  subjects  of  physics  and  mathematics,  32 
^  on  chemistry,  93  on  geology  and  mineralogy,  83  on  natural  history 
in  its  various  branches  (especially  zoology),  and  23  on  miscellaneous 
subjects. 

For  these  publications,  I  am  of  opinion  that  we  have  drawn  in 
part  from  material  which  had  accumulated  :  we  have  consumed 
more  than  the  supply  of  the  year  would  furnish,  and  will  at  last, 
when  thrown  upon  the  results  of  a  single  year,  find  our  proceedings 
less  abundantly  supplied  than  hitherto.  Still,  while  our  gatherings 
are  numerous  as  now,  and  similarly  constituted,  there  will  be  in- 
teresting matter  and  to  spare.  Matters  in  progress  will  be  brought 
before  us,  the  full  results  of  which  will  be  published  elsewhere. 

But,  have  any  papers  or  memoirs  been  actually  produced  by  these 
meetings,  which  would  not,  without  them,  have  been  brought  before 
the  public  ?  Of  this  I  entertain  not  the  least  doubt.  Indeed,  I  know 
many  which,  without  the  stimulus  of  preparation  for  these  meetings, 
would  not  have  seen  the  light ;  some,  which,  in  fact,  could  not  ap- 
priately  have  been  brought  fijrward  elsewhere.  The  desire  to  add  to 
the  interest  of  the  meetings,  has  been  a  powerful  stimulus  to  exertion 
on  the  part  of  many.  This  will  continue,  perhaps,  intermittingly ; 
but,  as  localities  change,  and  new  members  attend  the  meetings,  the 
average  may  remain  nearly  constant.  Papers  have  been  produced, 
which  otherwise  might  not  have  appeared.  We  are  posted  up  to  the 
very  day  of  meeting  in  the  researches  actually  making  ih  natural, 
physical,  and  mathematical  science.  At  the  Cambridge  and  New- 
Haven  meetings,  physico-mathematics  had  the  leading  part;  at 
Charleston,  natural  history,  and  especially  zoology ;  at  Cincinnati, 
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geology  and  its  kindred  branches.  Each  meeting  was  characterized 
by  communications  of  a  very  high  order  of  interest ;  each  as  dis- 
tinctly characterized  as  the  part  of  the  country  in  which  it  was  held  ; 
each  one  excellent  in  its  way,  exhibiting  (like  our  union)  unity  in 
diversity. 

For  the  good  effect,  from  our  meetings,  on  local  science,  I  appeal 
unhesitatingly  to  those  who  have  been  with  us  since  the  new  or- 
ganization. We  know  that  such  good  has  resulted.  We  can  point  to 
those  who  have  found  new  motives  to  research  in  attending  our 
meetings.  We  can  point  to  one  institution,  founded  and  endowed  in 
part  through  our  action  on  public  sentiment.  May  we  be  able,  also, 
at  no  distant  day,  to  say  of  another  which  is  an  ornament  to  the  last 
noble  city  where  we  assembled,  that  it  too  has  been  endowed  in 
consequence,  at  least  in  part,  of  our  influence. 

There  ai^e  some  subjects  which  only  an  association  like  this  is 
competent  to  grapple  with  :  the  subject  of  regulating  standards  of 
weights  and  measures,  and  the  scales  of  barometer  and  thermome- 
ter, and  the  prime  meridian,  are.of  this  kind.  There  is  now  no  other 
scientific  body  to  point  out  explorations  desirable  to  be  made  on  land 
or  water,  to  suggest  systems  of  extended  meteorological  observation, 
plans  of  surveys,  geographical,  geological,  or  others. 

Congress,  after  changing  the  money  standard  and  regulating  the 
coinage,  seems  to  have  stopped  short,  and,  after  a  long  agitation  of 
the  subject  of  standard  weights  and  measures,  to  have  left  it  in  very 
weariness.  The  whole  effort  towards  uniformity  has  simply  been  to 
prepare  material  standards  of  a  quality  according  witb  the  demands 
of  the  science  of  the  day  :  pounds,  yards,  bushels  and  gallons  con- 
forming to  the  general  average  of  those  in  common^use,  and  derived 
from  England ;  and  putting  aside  innovations  in  the  -commonly  re- 
ceived units,  their  multiples  or  sub-multiples.  I  have  been  gratified 
to  see  a  spirit  of  inquiry  on  this  subject  alive  among  the  members  ; 
believing  that  nowhere  can  essential  changes  or  reforms  in  the  whole 
system  be  more  fairly  or  powerfully  discussed,  than  here.  An  indivi- 
dual, unless  perhaps  some  leading  legislator,  who  would  propose 
changes  at  this  time  in  our  country  on  this  subject,  would  but  waste 
his  time  and  logic. 

The  Association  determined  in  Cincinnati  to  fix  a  time  for  the 
discussion  of  this  subject  at  the  present  meeting.  Closely  connected 
with  it  b  the  regulation  of  the  various  scales  used  with  instruments, 
which  depend  on  the  unit  of  length  measure,  or  arbitrary  scales.  I 
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hope  to  see  a  time  set  apart  at  this  or  some  subsequent  meeting  for 
the  discussion  of  this  matter,  which  was  partly  opened  at  Cambridge 
by  Prof.  Guyot.  The  world  is  obviously  ripening  for  a  general  set- 
tlement of  these  questions,  and  as  intercommunication  strengthens 
the  advantage  of  one  system  of  measures  and  weights,  and  of  one 
general  prime  meridian,  will  gain  strength  with  it.  A  collection  of 
the  weights  and  measures,  the  barometers  and  thermometers,  and  of 
the  charts  of  navigation  and  nautical  almanacs  of  each  of  the  coun- 
tries represented  at  the  World's  Fair,  would  have  presented  in 
strong  relief  the  necessity  for  something  better  adapted  to  a  world's 
use. 

As  far  as  these  questions  affect  scientific  men  and  science  in  the 
United  States  alone,  they  are  absolutely  within  our  control ;  and  the 
recommendation  of  this  body  would  undoubtedly  lead  to  the  adoption 
by  our  brethren  of  such  standards  of  weight  and  measure,  such 
linear  unit  for  the  scale  of  the  barometer,  and  such  scales  for  the 
thermometer  as  would  be  recommended.  Those  who  use  th6se  stand- 
ards would  be  the  first  to  become  familiar  with  them  from  actual 
sight  and  use ;  and  I  know  the  great  ease  with  which  one  becomes 
used  to  measures  and  weights,  the  employment  of  which  seems  at 
first  entirely  strange. 

If  ever  we  may  expect  a  combined  series  of  meteorological  ob- 
servations with  exact  instruments  and  observers,  whose  business  it 
shall  be  to  make  the  observations,  it  must  be  in  consequence  of  a 
recommendation  of  this  Association.  The  stations  should  be  selected 
so  as  to  furnish  the  best  results  for  climate  and  the  laws  of  storms, 
and  not  left  to  the  determination  of  circumstances  fbreign  to  the 
consideration  of  the  object  sought.  If  we  could  once  communicate 
to  New- York  harbor  the  coming  of  a  northeast  storm  in  time  to 
prevent  vessels  from  leaving  it,  the  full  benefit  of  these  researches 
would  cojne  home  to  the  commercial  community  of  the  country,  and 
means  to  extend  the  observations  would  be  freely  provided. 

The  recommendations  already  made  by  the  Association  have  met 
with  signal  success.  Among  these  I  may  note  the  appropriation  for 
the  publication  of  the  report  of  Prof.  H.  D.  Rogers  on  the  geolo- 
gical survey  of  Pennsylvania,  by  the  legislature  of  that  State  ;  the 
law  for  a  geological  survey  of  Ohio ;  of  the  scientific  explorers 
attached  to  the  Mexican  Boundary  Survey,  under  Commissioner 
Bartlett ;  and  of  the  expeditions  under  charge  of  Lieut.  Maury,  for 
examining  special  questions  connected  with  winds  and  currents. 
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It  has  been  doubted  whether  it  was  expedient  for  the  Association 
to  give  opinions  on  questions  of  science,  and  to  report  on  scientific 
researches.  These  doubts  I  do  not  share,  but  believe,  on  the  con- 
trary, that  if  we  decline  so  to  do,  we  do  not  come  up  to  the  clear 
measure  of  our  duty.  Where  the  opinion  of  the  Association  is  sought,  \/ 
it  should  fearlessly,  frankly,  but  carefully  be  given.  The  fact  that  the 
researches  are  by  one  of  its  members  will  not  excuse  it  for  avoiding  J 
the  task.  Instead  of  staling  in  the  approved  formulary  that  it  gives 
no  opinion,  I  would  have  it  guide  opinion  by  forming  its  own  mature 
conclusions,  and  giving  them  where  desired  with  all  the  weight  of 
its  authoiity. 

Whether  the  Association  should  be  the  arbiter  of  questions  of 
priority  occurring  between  its  members,  is  much  more  doubtful  in 
my  mind.  It  would  be  of  great  value  to  scientific  men  to  have  such 
questions,  which  unhappily  often  arise,  carefiilly  and  dispassionately 
settled.  When  both  parties  desire  the  arbitrement,  I  think  it  should 
be  assumed,  as  a  less  evil  than  that  of  avoiding  a  decision  where 
the  facts  are  all  presented.  There  is  but  one  other  course  :  rigor- 
ously to  exclude  all  personal  questions ;  in  which  case,  the  Associa- 
tion decides  that  there  is  no  tribunal  for  such,  and  drives  its  mem- 
bers to  appeal  to  the  public. 

At  the  last  annual  meeting,  the  president  of  tho  year  before  was 
called  upon  to  prepare  a  code  of  scientific  ethics,  the  result  of  the 
clear  principles  laid  down  upon  this  subject  in  his  address.  Let  us 
hope  that  he  will  contribute  this  code,  which,  like  reputable  men  ( 
under  the  civil  code,  we  will  endeavor  to  live  without  violating ;  not 
considering  it  a  law  given  to  compel  us  to  right,  but  rather  as  a  line 
far  within  which  we  will  walk. 

In  considering  these  meetings  in  reference  to  the  effect  on  the 
individual  members,  we  might  claim  them  as  a  relaxation  from  se- 
vere labor ;  as  an  agreeable,  intellectual  resort,  to  learn  the  results 
of  the  day,  did  not  our  aims  soar  higher  than  this,  and  extend  to 
substantial  intellectual  benefits  to  others  as  well  as  to  ourselves. 

That  these  meetings  are,  in  the  individual  intercourse  which  they 
bring  about,  intellectually  and  morally  beneficial,  is  most  certain. 
The  intellect  is  excited  by  such  intercourse;  the  heart  is  expanded. 
Freedom  and  frankness  of  discussion,  and  the  interchange  of  views 
and  friendly  criticism,  have  marked  the  meetings.  If  there  have  been 
exceptions,  the  shock  that  was  produced  has  recalled  better  feelings, 
or  better  judgment.  It  is  certainly  true,  that  as  far  as  a  man's  re- 
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searches  and  discoveries  are  comprehensible  in  bis  day,  be  receives 
full  credit  for  them,  especially  if  he  ask  little  and  is  patient.  Conten- 
tion about  priorityi  or  contention  at  all,  is  as  a  general  rule  unne- 
cessary ;  where  it  becomes  personal,  it  disgusts,  and  reacts  against 
him  who  indulges  in  the  personality.  It  is  difficult  to  avoid  contrcH 
versy ;  but,  if  obviously  forced  on  one,  the  defence  finds  itself  strong 
in  sympathyj  We  have  not  been  without  examples  of  the  good  effect 
of  submitting  to  scientific  discussion  and  decision,  pretensions,  the 
reality  of  which  the  author  did  not,  and  could  not  doubt,  but  which 
had  been  doubted  by  others.  What  triumph  greater  than  that  of  our 
Cincinnati  brother,  when  the  committee  of  the  Association  reported 
so  strongly  In  favor  of  the  admirable  method  of  recording  right  as- 
censions and  declinations.  Truth  triumphed  through  his  love  for  it ! 
What  a  triumph  for  American  science,  when  the  "American  method  " 
of  observing  is  adopted  at  Greenwich !  The  contribution,  by  whom- 
soever made,  by  however  many  shared,  is  a  contribution  to  the  glory 
of  the  country.  The  generous  award  of  credit  to  our  country,  by 
this  name,  by  the 'illustrious  astronomer  of  Grreenwich,  is  not  the 
less  honorable  to  him  than  to  us.  Let  us  show  ourselves  worthy  of 
the  spirit,  by  sinking  all  personal  views  in  a  general  contribution 
to  the  American  method.  If  the  Association  is  worth  any  thing,  it 
should  be  adequate  to  this  result  •:  let  it  be  the  test. 

To  our  meetings  each  member  brings  his  contribution  ;  gathered 
from  the  land  or  the  sea,  the  earth,  the  air,  the  heavens,  the  spirit, 
each  6ne  lays  his  offering  on  the  altar  of  truth.  How  little,  when 
under  the  influence  of  this  spirit,  seem  contentions  for  special  lines 
of  research,  the  interference  in  special  pursuits,  the  covetous  desire 
to  enter  a  particular  path,  and  the  determination  to  jostle  the  votary 
who  is  following  it,  rather  than  not  to  occupy  it  exclusively.  The 
realm  is  boundless  ;  the  paths  are  numerous  :  each  one  is  wide. 

Let  there  be  no  contention,  brother,  between  thee  And  me !  Let 
there  be  rather  a  generous  and  eager  urging  forward,  each  of  the 
other,  to  the  good  which  we  all  seek.  Warmed  by  the  glow  of  gene- 
rous sympathy,  let  us  find  our  zeal  kept  alive  by  association,  and ' 
show  that  the  bond  of  scientific  brotherhood  is  worthy  of  christian 
men,  in  a  christian  land,  of  the  faith  which  we  profess  in  time  and 
of  our  hope  in  eternity. 
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ALBANY  MEETING,  1851. 


connvBiicATiaiis. 

A.  MATHEMATICS  AND  PHYSICS. 

I.   MATHEMATICS. 

1.  On  the  Relation  between  the  S<)uare  Roots  or  Negative 
Quantities,  and  the  Principle  of  Fbrpendiculaeitt  in 
Geometry.    By  John  Paterson,  of  Albany. 

(1).  MtrcR  discussion  has  been  held  by  geometers  on  the  value  and 
significance  of  the  positive  and  negative  signs  of  algebra,  and  still 
more  emphatically  on  the  so-called  symbol  of  imaginarity  derived 
from  the  latter  sign,  and .  commonly  expressed  as  the  square  root  of 
a  negative  quantity ;  and  although  it  has  long  been  admitted,  as  a 
mere  result  of  observation,  that  the  product  of  like  signs  is  positive 
and  that  of  unlike  signs  is  negative,  and  more  recently  that  the  sign 
of  imaginarity  coincides  (fortuitously  perhaps)  with  the  principle  of 
perpendicularity,  these  correspondences  and  agreements  being  suf- 
ficiently well  determined  and  safe  for  ail  practical  purposes ;  yet  it  is 
still  a  desideratum  with  those  who  desire  the  establishment  of  precise 
definitions  at  the  commencement,  as  well  as  clear  deductions  in  the 
progress,  of  a  science  confessedly  ^nd  unerringly  accurate  in  all  its 
conclosionB,  that  these  accidental  coincidences  and  loose  analogies 
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2  A.  MATHEMATICS   AND   PHYSICS. 

should,  as  far  as  possibloi  be  eliminated,  and  their  .place  supplied  by 
consecutive  and  logical  sequences.  In  the  faint  hope  of  contributing 
something  towards  this  desirable  object,  I  have  not  long  since  printed 
a  volume  of  researches  in  the  calculus  of  operations ;  and  it  is  now 
my  wish  to  present  a  very  brief  account  of  the  first  part  of  those 
researches,  that  is,  so  far  as  they  relate  to  the  interpretation  of  the 
algebraical  signs.  In  undeita^ing  to  do  this,  I  have  to  apologize 
deeply  for  my  unfortunate  want  of  talent  at  exposition,  and  to  protest 
against  the  notion  of  an  undue  abstruseness  of  subject.  Abstruseness 
and  incoherence  of  manner  is  a  fault  of  my  own  ;  but  I  confidently 
apprehend  that  the  method  by  which  I  interpret  the  elementary 
operations  of  algebra  .ofi*ers  no  greater  degree  of  abstrus^esa  or 
&r-fetched  abstraction,  than  does  the  beaten  but  inconsequent  path 
hitherto  followed.  It  has  grown  almost  to  be  a  stipulation  of  the  age, 
that  the  writer  whose  sentences  cannot  be  read  as  we  run  shall  not 
be  read  at  all ;  and  in  addition  to  this  drawback,  I  must  yet  en- 
counter the  charge  of  impertinence,  in  attempting  to  controvert  the 
authority  of  a  great  name,  or  it  may  be  said  of  many  great  names, 
whose  united  or  single  competence  to  fix  irrevocably  the  elements 
and  definitions  of  a  science  it  were  madnes?  to  caU  in  question.  Such 
temerity  on  ^e  part  of  an  obscure  individual  unavoidably  begets  a 
suspicion  pf  charlatanry,  which  attenuates  very  materially  his  chance 
of  receiving  a  proper  share  of  candid  attention,  and  thus  retards 
indefinitely  the  progress  of  his  cause. 

(2).  Such,  in  my  own  estimation,  is  the  simplicity  of  the  calculus 
of  operations,  that  its  principles  and  method  need  but  to  be  explained, 
in  order  to  be  understood  and  admitted.  To  use  general  tezins  at 
ifirst,  an  operator  perfimns  an  operation  in  space  and  time,  according 
to  a  law  of  action  and  under  conditions  of  space  previously  assigned ; 
and  the  calcuhUor  must  record  the  measure  both  of  the  remU  and  of 
ihe  qper(Ui<m  perfarfned.  For  instance,  a  porter  carries  a  given  bur- 
then a  given  distance  in  a  given  time  :  the  value  of  the  burthen  in 
its  new  place  of  deposit  is  the  measure  of  ^  result  of  the  operation 
or  labor,  and  the  distance  it  was  carried  is  the  measure  of  the  labor 
or  operatum  itself.  As  a  second  example,  two  ships  land  cargoes  of 
equal  weight  and  value  at  the  port  of  New- York,  one  having  tra- 
versed the  ocean  from  Liverpool  in  England,  the  other  from  Canton 
in  China  :  the  measure  of  the  result  is  the  same  for  each,  the  equal 
values  of  the  cargoes  at  their  place  of  delivery ;  but  the  measures  of 
the  operations  which  produced  these  results,  that  18$  of  the  distances 
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which  the  cargoes  were  carried  hy  the  ships,  differ  materially,  and 
for  certain  purposes  should  be  recorded  as  forming  an  essential 
consideration  in  the  complete  result.  In  the  algebraical  calculus,  the 
measure  of  the  result  alone  of  the  operation  is  recorded,  that  of  the 
operation  itself  being  generally  overlooked  or  indistinctly  understood. 
It  is  by  taking  note  of  the  existence  and  value  of  this  last  measure, 
in  operations  performed  under  several  different  laws  and  conditions, 
that  I  have  endeavored  to  collect  the  materials  and  principles,  and 
lay  the  foundation  of  a  new  method,  which  falls  under  the  design ation 
of  the  calculus  of  operations. 

(3).  I  cannot  remain  under  the  hypothesis  which  regards  the  suc- 
cessive states  of  the  universe  as  happening  by  virtue  of  a  sort  of 
magician's  presto,  whereby  the  same  body  is  made  to  appear  in 
different  places  without  passing  through  the  intervening  space.  The 
poet,  even,  had  some  doubts  as  to  the  propriety  of  annihilatiiig  space 
and  time  :  it  should  be  the  graver  office  of  the  mathematician  to 
watch  that  such  sacrifice  be  not  wantonly  performed ;  for,  without 
the  inviolability  of  the  ineffable  element  of  space,  and  its  eternal 
concomitant  time,  we  are  truly  a  lost  world,  and  truth  can  have  no 
point  of  equilibrium.  Yet  what  does  the  algebraist,  when  he  inquires 
why  the  third  term  of  Taylor's  series  should  be  rejected  beside  the 
second,  but  forget  the  very  simple  fkct  that  a  material  body  cannot 
be  in  two  places  at  once  7 

(4).  I  propose,  then,  to  pass  from  the  counting  of  ihd$igs,  to  the 
counting  of  actions,  but  of  actions  so  defined  that  they  are  as  ac- 
curately measurable  as  is  any  thing  itself,  and  indeed  by  the  very 
same  operation.  Space,  lyhose  nature  can  here  be  only  treated  dog- 
matically, is  the  element  of  all  measurement  :  abstracted  from  its 
coeval  element  time,  it  measures  simultaneous  values;  conjoined 
with  time,  it  measures  successive  values.  Space  has  three  dimensions: 
linear,  superficial,  and  solid;  and  the  two  last  are  algebraically 
expressed  by  well-known  functions  of  the  first.  We  are  thus  referred 
to  the  straight  line  as  the  indispensable  and  sufficient  element  for  the 
admeasurement  of  all  the  things  that  are,  and  of  the  events  that  occur, 
or  the  operations  that  may  be  performed  in  space  and  time. 

(5).  Let  our  operation  consist  of  a  uniform  movement  in  a  plane. 
We  recognize  at  first  two  different  species  of  uniform  movement, 
linear  and  angular ;  and  each  of  these  subdivides  into  two  varieties, 
a  direct  and  an  inverse  movement,  accordingly  as,  in  linear  motion, 
we  proceed  from  the  origin  towards  the  right  hand,  or  towards  the 
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left  hand ;  and,  in  apgular  or  circular  motion,  from  the  right  hand 
upwards  or  downwards  from  the  horizontal  axis.  The  uniformity  of 
movement  is  the  law  of  action,  and  the  particular  direction  of  the 
motion  is  the  condition  of  space,  under  which  the  operation  in  a 
given  case  is  to  be  performed* 

(6).  The  first  and  simplest  &rm  of  mathematical  operation  is  that 
of  addition ;  which,  being  regarded  as  a  direct  operation,  baa  of 
course  its  corre^>on£ng  invenet  the  operation  of  subtraction. 

As  a  familiar  illustration  of  the  operation  of  addition,  let  it  be 
proposed  to  add  together  two  separate  parcels  (7  and  6)  of  material 
things  or  units  of  any  description,  for  instance  ivory  balla  such  as 
are  used  to  exemplify  operations  in  the  calculus  of  probabilities  : 
the  arithmetical  result,  or  sum,  is  12  balls ;  but  by  the  calculus  of 
operations,  in  which  we  are  to  seek  the  measure  of  the  operation, 
we  proceed  as  follows  : 

A B        At  A  is  a  Teeervoir  containing  an  indefinite 

number  of  balls,  and  at  B  is  a  receptacle  contain- 
ing 7  balls,  and  I  am  directed  to  add  5  balls  to  the  7  already  con- 
tained in  B.  It  is  necessary  to  transfer  5  balls  firom  A  to  B,  and  the 
distance  AB  (which  may  be  called  one)  is  the  measure  of  the  opera- 
tion. It  is  the  measure  of  the  operation  in^magniiude  or  quantity  ; 
and  if  we  wish  to  record  also  the  quality  of  the  operation,  as  being 
direct,  cumulative  or  positive,  the  direction  in  the  plane  of  the  opera- 
tion, from  A  towards  B,  or  to  the  righthand  of  the  point  A,  may  be 
termed  the  positive  direction,  and  the  result  written 

(7+5)  balls  =  +12  balls  J 

the  symbol  +  denoting  the  quality  of  posiHvityf  the  geometrical 
signification  of  which  is  a  conventional  direction  in  space.  Observe 
that  the  7  balls  in  B  at  the  beginning  of  the  example  were  similarly 
obtained  by  transfer  from  A,  and  therefi>re  the  sign  is  correctly  pre- 
fixed to  the  result  (+7+5)  sz  +12,  the  measure  of  the  operation 
being  implied  by  the  sign.  Now  the  labor  of  carrying  12  balls  once 
through  the  distance  AB,  is  in  general  equal  to^that  of  carrying  one 
ball  through  12  times  the  distance  AB ;  that  is,  the  measure  of  the 
operation  is  the  same  in  these  two  cases.  However  obtained  or 
generated,  therefi>re,  the  abstract  number  12  may  be  made  the  co- 
efficient of  any  arbitrary  unit  of  space,  as  for  instance  the  unit  of 
distance,  which  is  at  once  the  simplest  and  most  general  form  of  the 
measure  of  an  operation ;  and  when  our  abstract  number  is  affected 
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with  the  positive  sign,  tbe  qnality  or  direcfeton  of  the  operation  iii 
space  is  fixed.  Substituting  general  symbols,  then,  for  the  foregoing 
particular  ones,  I  write  +1  for  the  unit  of  positive  direction,  n  for 
die  abstract  number,  1,  for  the  linear  unit  measure  of  the  magnitude 
of  the  operation,  and  1^^  for  the  material  unit,  or  unit  operated  upon, 
and  the  complete  concrete  result  of  a  simple  direct  or  positive  ope- 
ration is  expressed  and  represented  by 

+l.«.l,.l^  =  OP'XV 
^     ^ ^      The  number  n  is  there- 

fore  transferred  from  arith- 
metic to  the  calculus  of  operations,  by  prefixing  to  it  the  sign  of 
direction,  and  affixing  the  unit  of  distance ;  and  the  number  or  ratio 
n  is  now  regarded  as  generated  by  the  operation  of  transferring  the 
material  unit  1^  from  zero  through  the  distance  nli,  in  the  time  nl^* 
(7).  The  operation  inverse  to  the  one  above  considered,  will  con- 
sist in  the  subtraction,  first,  of  5  balls  from  the  12  balls  contdned  in 
^  ^     the  receptacle  B ;  and  as  this  operation  is  destruc- 

tive of  the  effect  of  the  addition  of  the  6  balls  to 
the  receptacle  B  from  the  reservoir  A»  it  will  be  correctly  performed 
by  returning  the  5  balls  from  B  to  A,  in  which  the  magnitude  or 
quantUy  of  the  operation  is  the  same  as  before,  and  its  opposition  in 
quaUty  to  the  operation  of  addition  is  indicated  by  the  opposite 
direction  BA  in  which  it  is  performed ;  and  thus  opposition  of  di» 
rection  in  space  becomes  identified  with  the  symbol  ^  (of  subtrac- 
tion) which  denotes  the  quality  of  negattrnty,  the  result  being  ex- 
pressed hy  {+l2'-'5)  balls  =  -f  7  balk.  A  second  operation  maybe 
the  subtraction  of  the  remaining  7  balls,  which  will  be  expressed  by 

(+12-5-7)  balls  =t  (+7-7)  balls,  or 

(^12—12)  balls  =  0  balls,  the  result  of  the  opera- 
tion. In  the  righthand  member  of  the  last  equation,  the  measures  of 
the  positive  and  negative  operations  are  eliminated  by  mutual  de- 
struction, but  both  are  in  evidence  in  the  lefthand  member.  Recalling 
the  fact  that  the  operation  of  transferring  n  material  units  through 
the  unit  of  distance  is  equivalent  to  the  transfer  of  1  material  unit 
through  n  units  of  distance,  we  may  write  the  equation  thus  : 

•  +  12.1,.l,»-12.1,.l^  =  0.1,. V 

F„  P,        O        P'  P'^ 
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The  first  teria  of  the  lefthand  member  expresses  the  transfer  of  the 
material  unit  1^  from  O  to  P",  where  OP"  =  12xOP'  =  +12.1,; 
and  the  second  term  expresses  the  return  pf  1^  from  P"  to  O,  in 
obedience  to  the  geometrical  signification  of  the  sign  — .  Now  the 
order  of  the  performance  q£  these  two  operations  is  indifferent,  and 
the  last  might  be  the  first ;  that  is,  from  the  origin  O,  the  material 
unit  1^  may  first  be  transferred  to  P,/  on  the  lefthand  of  O,  where 
OP//=12xOP;=  — 12.1,,  and  thence  returned  by  the  term  +12.1, 
from  Py/  tp  O  its  primitive  position,  giving  the  same  result  0.1|.1,| 
as  before.  In  general  symbols,  then,  the  complete  concrete  result  of 
a  simple  inverse  or  negative  operation  is  expressed  and  represented 
by  -l.fi.l„l„  =  OP./XU. 

(8).  The  next  fortn  of  mathematical  operation  to  be  considered  is 
that  of  multiplication.  Now  when  the  multiplier  is  positive  unity,  the 
operation  is  identical  with  the  performonce  of  one  operation  of  ad- 
dition; and  consequently  if  the  multiplier  be  negative  unity,  the 
operation  must  be  equivalent  to  the  performance  of  one  operation  of 
subtraction  aa  above  interpreted.  It  is  a  postulate  in  geometry,  that 
a  straight  line  of  any  length  may  be  drawn  in  any  direction  from  any 
origin.  This  is  an  operation;  and  I  ask  no  more  than  thb,  except  the 
permission  to  record  the  line  or  distance  described  as  the  measure  of 
the  operation  of  describing  it.  Then  let  1^  be  the  multiplicand,  and 
multiplication  by  positive  and  by  negative  unity  will  be  respectively 
r       o         T       represented  by  OPxl^  *=  +1.1/. !,»  and 

OP'xl|»  =  — l.li.l^;  each  ope- 
ration consisting  in  the  separate  transfer  of  the  material  unit  or 
multiplicand  1^,  from  the  origin  zero  ut  O,  through  the  unit  of  dis- 
tance OP  or  OP'  in  the  unit  of  time  1|. 

(9).  I  now  omit  the  sign,  and  proceed  to  investigate  the  results 
and  measures  of  repeated  multiplications  by  positive  unity.  The 
multiplicand  being  always  l^i,  let  the  multiplier  be 

Ix  =  OP'  =i  P'P"  =  P"P'"  =  P'"P''  =  1,  the  linear  unit, 
and  the  results  will  be 


O 


t$*  rt$tt 


IJ.l^  =  P'P"xOP'xl|.  =  0P"x^  =  2.1,.U, 
U.l,.  =  P"P"'xOP"xl,t  =  OP"'x^=  3.1,.1», 
n.U  =  P"'P''xOP'"xl,  =  OP"xl,.  =  4.1,.l^,  etc 
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Thus*  by  direct  operation,  the  inrolution  of  a  linear  unit  to  the  nth.  ', 

power  produces  a  linear  unit  equal  in  magnitude  to  n  times  the  unit  W 

involved,  or  the  power  is  n  times  the  root  in  magnitude ;  but  as  the  ^ 

linear  unit  is  absolutely  indeterminate,  the  result  of  its  involution  is 
always  an  equally  indeterminate  linear  unit,  there  being  no  distinc- 
tive quality  whereby  to  recognize  it;  and  we  consequently  have 
always  the  numerical  equality  1"  =  1,  so  long  as  the  measure  of  the 
operation  is  not  taken  into  the  account.  When  this  measure  is  brought 
in,  we  perceive  that  the  process  consists  in  nothing  more  than  the 
successive  addition  of  units  of  linear  space ;  but  ,to  the  suggestioss 
derived  from  the  contemplation  of  this  simple  process  am  I  indebted 
for  whatever  of  good  or  ill  fortune  shall  betide  me  in  these  my  peril- 
ous investigations. 

( 1 0).  From  this  first  position  in  which  the  operations  of  multiplying 
by  positive  and  negative  unity  agree  entirely  with  the  operations  of 
adding  and  subtracting,  we  must  advance  a  step  to  meet  tke  d^ertitee 
which  so  remarkably  distinguishes  the  former  from  the  latter,  and 
yet  preserves  the  harmony  between  th^n. 

While  linear  extent  has  no  natural  or  fixed  unit,  and  no  limit  but 
infinity,  we  have  un  ah»olute  geometrical  unit  in  the  sum  of  four  right 
angles,  as  measured  by  the  circumler^ice  of  a  circle ;  a  unity  which 
may  be  repeated,  but  always  with  coincidence.  The  whole  infinity  of 
space  is  included  by  the  four  right  angles  about  a  point  (if  a  plane  is 
alone  the  subject  of  observation)  or  axis  (when  the  three  dimensions 
of  extent  are  regarded)  :  consequently,  the  radius  being  granted, 
any  given  magnitude  of  area  may  be  measured  by  one  operation  of 
revolution ;  and  a  similar  remark  may  be  made  with  respect  to  a 
plane  and  volume.   . 

(11).  Instead  of  a  linear,  take  now  an  angular  multiplier;  the 
angle,  as  customary,  being  measured  by  its  subtending  arc  to  radius 
unity.  It  is  a  postulate  with  Euclid,  that  a  circle  may  be  described  on 
any  centre  and  with  any  radius.  This  is  an  operation;  and  I  demand 
no  more  than  this,  save  the  privilege  of  recording  the  arc  described 
as  the  measure  of  the  operation  of  describing  it ;  while  the  radius, 
considered  as  revolved  by  the  action  of  the  describing  compasses, 
shall  in  its  final  position  be  regarded  as  the  meastire  of  the  result. 

Let  the  multiplicand  be  the  radius  OA  =  1,.,  loaded  with  the 
material  unit  1^^  at  its  extremity  A ;  and  take  first  for  multiplier  the 
entire  circumference,  denoted  by  Ig.  The  operation  consists  in  re- 
volving one  limb  of  the  compasses,  the  radius  accompanying,  in  the 
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positiTe  angular  direction  once  aboat 
the  centre  O,  from  the  position  OA  to 
OA  again ;  and  this  b  multiplication 
by  an  absolute  geometrical  unit 

Since  OAxU  =  U-l^  ^^^  ^P®" 
ration  produces 

AAxOAxl«i=  lo.lr.ln; 

and  continued  repetitions  yield  the 
series  (including  also  the  first  term), 

AAxOAxl,.  :=:  lo-lr-l^ 

AAxOAxln  =  lj.lr.ln=  lo-lr.l^» 

AAxOAxln  =  li.lr.l^=r  l«.lr.lfi> 

AAxOAxl^  =  ]2*l|..lii=  lo*lr«l|if  etc. 

The  second  column  shows  the  measures  of  the  operations,  end  the 
third  the  measures  of  the  corresponding  results.  If  we  wish  to  mark 
the  primitive  position  of  the  radius  OA  as  being  in  the  positive 
directioD,  we  should  write  OA  X  lin  =  + 1  •  Ir  •  In  y  &Ad  as  the  measure 
of  the  result  is  all  that  is  important  to  be  recorded  in  this  case,  and 
may  be  understood  to  imply  the  measure  of  the  operation  by  which 
that  result  is  produced,  the  use  of  one  character  or  sign  is  sufficient, 
and  we  shall  have 

IJ.lr.lja  =  (+l)nr.ln=  +l.lr.l,i,  etc. 

The  successive  results  are  identical  in  value,  geometrical,  dynamical, 
and  arithmetical ;  that  is,  we  have  always  (+1)"  =  +1»  or  the  in* 
volution  of  absolute  geometrical  unity  does  but  repeat  unity.  Like 
that  of  successive  multiplications  by  linear  unity,  the  present  process 
consists  in  making  the  material  unit  course  uniformly  through  suc- 
cessive units  of  space ;  but,  unlike  the  former  process,  the  units  of 
space  are  superposed  instead  of  juxtaposed,  and  thus  give  1"  =  1 
in  place  of  1"  =  «.L 

(12).  The  inverse  operation  which  will  correspond  to  division  by 
absolute  geometrical  unity,  and  to  the  evolution  of  such  unity  when 
the  operation  is  repeated,  will  be  performed  by  revolving  the  radius 
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l^^l^  _  OAx  1^  u^  ^®  negative  angular  direction  about  the  centre 
0,  from  the  position  OA  to  OA  again.  If  the  initial  position  OAx  1|» 
be  denoted  by  +l.lr.l|i»  the  succession  of  results  will  be  : 


OAxin 

OA 

AA 

OA 
A  A 

OA     , 
AA><^'^ 

OA 

A  A 


XIh 


xK 


xU 


s=^   -^l«lif«lii» 

r=     1-Mr.lpt     =     (  +  l)«lr.l^=    +1.1,. V    etc. 


The  second  column  expresses  the  measures  of  the  successive  opera- 
tions  in  the  arc  of  revolution ;  for  which  is  substituted,  in  the  third 
column»  the  measures  of  the  results  in  terms  of  the  position  of  the 
radios,  finally  referred  to  their  arithmetical  values  in  the  fourth  co- 
lumn ;  and  thus  positive  unity  has  always  one  root  equal  to  itself)  or 

the  equality  (+1)"  =   +1  is  explained.  ^ 

(13).  In  die  second  place,  let  the  angular  multiplying  unit  be  that 

which  is  measured  by  the  semi- 
circumference.  The  initial  position 
being  OAxl^  as  before,  one  step  of 
the  compasses  will  place  us  in  the 
position  OA'xliu  and  the  step  re- 
peated will  restore  OAxl,t;  the 
revolution,  as  usual,  being  had  in  the 
positive  angular  direction.  Denoting 
the  multiplying  unit  arc  AA'  by  1„ 


the  siicoessive  results  will  be  : 

OA  xl,  : 
AA'xOA  xl,a  = 
A'AxOA'xlpi  = 
AA'xOA  XV  '- 
A'AxOA'xl^  = 


OA'xl,L 
OAxl^ 
OA'xl,. 
OAxl^ 


1"    1      1 
•■■II  •  ■■•r  •  •■•lU 

1»    1       1 
Xk«  Af.«  J.^ 

Xji  •  Lf  m  Xm,  ecc. 


Now  when  contrasting  the  operation  of  addition  with  its  inverse 
operation,  subtraction,  we  have  found  their  unit  measures  to  bo 
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geometrically  represented  (constructed)  by  these  very  lines  OA  and 
OA'  respectively,  drawn  in 'opposite  directions  from  the  same  origin 
O ;  that  is  to  say,  starting  from  zero  at  O,  we  have  found  that  in 
multiplying  by  a  positive  linear  unit  we  get  4-l.lx.ln  =  OAxl^ 
and  similarly  —  l.l^.l^  =  OA'xl|*  in  multiplying  by  a  negative 
linear  unit.  Then  denoting  the  measure  of  the  operation  by  the  same 
character  which  denotes  the  measure  of  the  result,  we  first  convert 
the  preceding  Columns  thus  : 


OA  xl,.  = 

+  l.lr.l,i. 

l..l,.l,  =  OA'xl.  = 

—  X  •  X^  •  Lj^i 

i;.i,.i,  -  OA  xi.  - 

+l.lr.V 

i;.i,.i,  =  OA'xi,  = 

•"1   •lf.*X||lf 

ll.l,.l,  =  OA  xl,  = 

+l,lr.l^f  etc. 

A  cause  is  known  only  by  its  effect  :  we  take  the  measure  of  the 
effect  for  the  measure  of  the  cause,  and  finally  substitute  this  mea- 
sure for  the  cause  itself  The  primitive  position  OA  X  Ipi  is  expressed 
by  -f-1  -Ir.lji ;  and  as  multiplication  by  1,  (the  arc  AA'  being  the 
measure  of  the  cause)  yields  the  position  expressed  by  —  1  .l^.l^i  (the 
radius  OA'  being  the  measure  of  the  effect),  we  substitute  the  mea- 
sure of  the  effect  for  the  measure  of  the  cause ;  and  as  in  the  first 
case  of  angular  multiplication,  when  +1  was  substituted  £6t  the 
measure  of  the  operation  Iq,  it  stood  for  the  circumference,  while 
as  measure  of  the  result  it  represented  the  position  of  the  radius  in 
OA,  so  now  we  may  substitute  —1  for  the  present  operation  1,,  in 
which  case  it  will  stand  for  the  semicircumference,  while  as  measure 
of  the  result  it  represents  the  position  of  the  radius  in  OA'.  We  may 
then  finally  convert  our  columns  thus  : 

OAXlH=+l.lr.V 

U(4-l)lr.l,=  (-lK  +  l)l..lH  =  OA'Xl.=  -l.lr.l., 

i.(-i)i,.i,=(-i)(-i)i,.i,=OAxi,=+i.i..i,=(-i)n,.i,. 

l,(+l)l..l,:^(-l)(+l)l,.l,=OA'Xl,=  -l.l..l,=(-l)'l,.V 

i,(-i)i..i,=(-i)(-i)i,.i,=OAxi,=+i.i..i,=(-i)n,.i^ 

etc 

Thus  when  negative  unity  is  involved,  we  get  (—1)"  =  +1  snd 
(—1)"'''*  =  —  1,  fli  being  an  even  number  and  including  0. 

(14).  The  inverse  to  the  preceding  operation  will  be  performed 
by  revolving  by  semicircumferential  steps  in  the  negative  angular 
direction  about  the  centre  O,  which  gives  the  results  : 
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+  l.lr.l|t=OA  Xl^ 

l7»(+l)l..l^=±l.l,.l,=(+l)H.l,,l^=-l.l^.l^=0A'xl^. 
l7»(+l)l,.l^=^.l,.l^=(+l)'i.l,.l^=+l.l,.l^=0AxV 

l7*(+l)U.l^=±l.l,.l^r=:(+l)*.l,.l,=  -l.l,.l,=0A'xl,a, 

V(+l)l,.l^=^,l,.l^=(+l)t.l,.l^=+l.l,.l^=OA  Xl„.&c. 

Thus  positive  unity  has  always  negative  unity  for  one  of  its  roots  of 
the  nth  degree,  when  n  is  an  even  number,  not  otherwise. 

(15).  By  comparing  conclusions,  we  find  in  the  preceding  exam- 
ples of  multiplication  by  the  circumference  and  by  the  semicircum- 
ference,  the  demonstration  of  the  proposition  that  the  product  of 
like  signs  is  positive,  and  that  of  unlike  signs  is  negative  ;  that  is, 
(+1)(+1)  =  +land  (-1)(-1)  =  +1.  but  (+1)(_1)  =  -1 
ind  (-!)(+ 1)  =  -1 ;  and  farther,  that  (+l)-i-(+l)  =  +1  and 
(-l)-r(-l)=+l,  but  (4.1)^(_1)=_1  and  (_l)-^(+l)=_l. 

(16).  As  a  general  illustration  of  multiplication  by  positive  and 
negative  unity,  let  me  be  required,  first,  to  multiply  the  number  N 
by  -f  1.  I  am  asked  to  perform  an  operation,  and  it  is  meet  that  I 
should  record  the  measure  of  that  operation.  In  order  that  N,  which 
18  an  abstract  number,  may  afford  something  tangible  that  may  be 
operated  upon,  it  must  be  made  the  coefficient  of  some  material  unit 
1^ ;  and  the  operation  might  at  first  be  pei^prmed  by  carrying  JVl^ 

through  the  distance  OP  =  1<  the  linear  unit,  in  the 
. ,     positive  direction  ;  since  the  measure  of  the  opera- 


tion would  be  -f-lJVl„  which  expresses  an  operation 
that  is  measured  by  a  unit  of  space.  But  as  the  linear  unit  is  an  in- 
determinate magnitude,  a  more  general,  and  indeed  an  absolute  unit 
of  operation  will  be  performed  by  revolving  iV"l/.lj4  through  the 
circumference,  the  absolute  unit  of  space ;  in  which  case  the  ex- 
pression -{-liVl|A  implies  the  performance  of  one  revolution,  which 
fulfils  the  condition  of  an  absolute  unit  of  operation  upon  iVl^ ;  and, 
accordingly  as  the  sign  -f-l  governs  in  the  active  or  the  passive  sense 
(dbtinguished  as  +l.lx  and  +1.1<),  it  will  command  such  revolu- 
tion, or  express  its  result. 
If  required  to  multiply  iV  by  —1,  I  am  asked  to  perform   an 
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operation  which  shall  give  a  negative  result ;  that  is,  a  result  that 
would  eliminate  a  positive  result  equal  to  it  in  magnitude,  by  mutual 
destruction.  Equal  and  directly  opposing  forces  destroy  each  other's 
effects,  but  the  measures  of  the  separate  effect  of  each  force  are  truly 
exhibited  by  two  equal  lines  drawn  in  diametrical  opposition  from 
the  same  centre.  If,  therefore,  the  measure  of  the  operation  expressed 

by  +l.l,.JVl,a  is  truly  represented  by 
.     the  direct  line  OP,  and  I  must  convert 

this  expression  into  -^l.li^Ni^  (such 
as  would  destroy  the  effect  -fl-lf  •'^l-it)>  ^^  ^^^  ^  accomplished  by 
a^unit  of  operation,  by  one  single  &ctor  which  does  not  change  the 
value  of  its  measure  during  its  action,  by  one  semirevolu^on  about 
the  centre  O ;  and  now  accordingly  as  —1  has  its  active  or  passive 
sense  (distinguished  as  —  l.lx  and  —1.1,),  it  will  conunand  such 
semirevolution,  or  express  its  result 

Each  of  the  questions  demands  the  performance  of  a  unit  of 
operation  upon  the  concrete  quantity  JVl^,  its  multiplication  by  a 
factor  unity ;  and  each  of  these  demands,  together  with  thait  of  the 
mutual  opposition  of  the  quality  of  the  results,  is  fully  satisfied,  and, 
it  is  hoped,  in  a  rational  manner. 

The  common  rule  for  subtraction  in  algebra  directs  the  sign  of 
each  term  in  the  subtrahend  to  be  changed*  and  the  result  to  he 
added  to  the  minuend.  What  is  the  first  clause  of  this  rule,  ether 
than  a  direction  to  revolve  each  term  of  the  subtrahend  through  an 
arc  of  180^,  so  as  to  place  the  whole  in  mechanical  oppoaitioo  to  the 
minuend  1 

(17).  The  third  and  last  form  of  circular  multiplication  to  be  dis- 
cussed, is  that  in  which  the  right  angle,  expressed  by  the  quadrant 
as  its  measure,  is  adopted  as  the  multiplying  unit.  Denoting  the 
multiplier,  the  arc  AA'  of  90®,  by 
1,1 ;  since  the  direct  operations  are 
perfectly  understood  from  what 
has  preceded,  it  is  only  necessary 
to  write  the  steps  and  results  as 
follows  (beginning,  as  in  all  the 
other  cases,  with 

OAxla  =  +l.lr.l,i): 
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+  l.lr.l,.  =  OAXV 

U  +  inr.K    =    OA'Xl,, 

i:(+l)l..l,  =  OA"xl,  =  -1.1..1,, 

U(+l)lr.l.    =    OA'"Xl,, 
lj(+l)lr.l,a    =    OAXl„    =    +l.lr.l,.» 

1S(+1)1..1,  =  OA'xl,  =  1„(+1)1,.1„  etc. 

The  first  multiplication  places  the  radius  in  the  perpendicular  po- 
sition OA',  in  which,  while  it  has  the  value  unity  in  its  present 
Erection,  its  value  is  neutral  (between  poative  and  negative)  or 
zero  in  its  primitive  direction ;  that  is,  the  result  of  the  operation 
has  at  once  the  value  zero  in  the  primitive  direction  (or  on  the  axis 
through  A"A),  and  the  value  unity  in  the  perpendicular  direction 
(or  on  the  axis  through  A'" A')*.  A  second  multiplication  g^ves  the 
position  OA",  where  the  result  has  the  value  negative  unity,  or 
—1.1^  on  the  primitive  axis  A'' A.  A  third  multiplication  yields  the 
position  OAJ"t  again  neutral  or  zero  on  the  primitive  axis,  but  ne- 
gative with  respect  to  the  first  position  OA'  on  the  perpendicular 
axis  AJ"AJ.  Finally  the  fourth  multiplication  finds  the  primitive 
position  OA,  expressed  by  -f  1 .1^ ;  and  a  further  continuance  would 
bat  repeat  former  results. 

Now  it  has  abundantly  appeared  in  this  our  method  of  successive 
multiplication  by  unity,  that  the  square  of  a  geometrical  unit  (whe- 
ther linear  or  angular)  is  a  (similar)  geometi'ical  unit  tioice  the  mag- 
nitude of  the  root  (or  factor  squared),  the  cube  is  thrice  the  mag- 
nitude of  the  root,  the  biquadrate  is  four  times  its  root,  and  so  on. 
Inversely,  therefore,  the  square  root  of  a  geometrical  unit  is  a  similar 
unit  of  half  the  magnitude  of  the  unit  submitted  to  evolution,  the 
cube  root  is  one-third  the  magnitude  of  the  original  unit,  the  bi- 
quadrate root  is  one-fourth  its  onginal,  and  so  on.  So  that  if  the  pri- 
mitive geometrical  unit  consists  of  four  right  angles,  its  square  root 
will  consist  of  two  right  angles,  and  its  biquadrate  root  of  one  right 
angle  ;  or  if  the  primitive  unit  consists  of  two  right  angles,  its  square 
root  will  be  one  right  anglet. 

(18).  Having  found   by  direct  process,   when   the  right  angle 


*  This  geometrical  fact  conititates  the  principle  uf  perpendioalaritj,  and  ii 
of  capital  importance  in  the  calcuhii  of  operations. 

t  The  apparait  exception  of&red  by  the  involation  and  evolution  of  the  abac- 
hits  geometrical  unit,  is  ocijasioned  by  the  prificiple  of  luperpoiition. 
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(denoted  by  1.)  is  the  geometrical  multipH^,  the  result 

l;.l,.l^  z=:  OA"xl^  =   -1.1,. Ij,. 

where  the  last  term  expresses  the  measure  of  the  result  and  implies 
the  measure  of  the  operation,  we  may  now  apply  the  inverse  prooeas 
to  this  result,  and  obtain 

OA'Xl^=(U)^l,.l,=l..lr.l^=(-l)^l..l,=  +v^(^l)lr.l,. 

By  usiog  the  notation  4*  \/(— l)lr  for  0A'»  and  understanding  that 
the  measure  of  the  effect  here  also  at  the  same  time  implies  the 
measure  of  the  operation  or  cause  which  produces  that  effect,  we 
convert  the  last  preceding  columns  as  follows  : 

+  l.lr.l»   =   OAXl^, 

(+  V-l)  (+l)l,.l,=+  V(-i)l,.l,  =  OA'X  V 

(+ V-l)'(+l)l,.n=(-l)(+l)l,.l^=-l.l,.l^  =  OA"xl^ 

(+  V-lY(+l)lr.h=(+  V-l)(-l)lr.l,.=  -  V(-l)lr.l,. 

=  OA'"  X  1„, 

(+  >/-l)*(+l)l,.l,=(+  V-l)(-  ■/-l)l,.l,-+l.l,.l, 

=  OAxl^. 

(+ V-l)n„l^=:+ V(-l)lr.l,  =  OA'xV  etc. 

By  proceeding  from  the  primitive  position  OA  in  the  negative 
angrular  direction,  we  make  the  results  : 

OAxl,.  =  +1.1,.!^, 

+  1 


+  V(-l) 
-V(-l) 

-1 

+  V(-1) 

+  a/(-1) 


.1,.!^  =  OA"'xl,  =  --•(-l)U.U. 


.1,.!^  =    OA"xl;.  =  -1.1,. 1,„ 


.1,.!^  =     OA'xl^  =  +v/(-l)l,.l^. 


.l,.l^  esz     OAxl^  =  +1.1,.!^,  etc 


(19).  The  expression  -f*  %/(— l)i  which  we  have  found  to  be  geo- 
metricallj  represented  by  the  quadrant  when  it  is  a  multiplier  or  a 
eaute  (or  when  understood  in  the  active  sense),  and  by  the  perpen- 
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dicnlar  radius  unity  wheu  it  is  a  product  or  an  effect  (or  wben  un- 
dentood  in  the  pamve  sense),  is  the  well-known  primitiTe  biquadrate  m 

root  of  positive  unity,  or  as  weU  the  primitive  square  root  of  nega- 
tive unity,  which  arises  in  analysis  whenever  the  two  factors  of  a 
negative  product  are  sought. 

The  second  biquadrate  root  of  positive  unity  is  — 1,  and  by  direct 
operations  it  yields  the  following  results  : 

+  1.1,.!^  =  OAxl,,, 

(-l)(+l)lr.l^=-l.lr.l^     =OA"XV 

(-l)(-<l)l,.l^=(-l)q,.l,=  +  l.l,.l,  =S  OAxl^, 
(-l)(+l)l,.l,=(-l)'l,.l^=-l.l,.l^  =  OA"Xl„. 
(-l)(-l)l,.l^=(-l)n,.l^=(+l)n,.l^=+l.l..l^=*OA.V  &c. 

So  that  — 1  is  really  the  primitive  biquadrate  root  of  (+1)'  ^^ 
square  of  positive  unity. 

The  third  biquadrate  root  of  positive  unity  is  —  V(— 1),  and  is 
represented  geometrically  by  three  right  angles  or  the  arc  }ir.  By 
direct  operations,  its  results  follow  thud  : 

OAxl^  =  +1.1,.!^, 
(_^-l)(_V-.l)l^.l^  =  OA"xl^=  -1.1...!^, 

(-V_l)(+^-.l)l^.l^=:       OAXl^=   +l.lr-l^»    etc. 

In  this  process  it  will  be  observed  that  the  circumference  has  been 
thrice  coursed,  so  that  —  •/(—!)  is  really  the  primitive  biquadrate 
root  of  (+!)•  the  cube  of  positive  unity. 

(20).  In  the  rightangled  triangle  OMP,  let  POM  =  6  :  then  we 

.     OM  ft      jPM         .    ^ 

know  the  ratios  j^  ==  cos  B  and  g=-  s  sm  ii ; 

whence,  conversely,  the  numerical  values  of  the 
lines  OM  &  PM  are  respectively  OP  X  cos  6  and 
OP  X  sin  9;  that  is,  where  a  line  is  multiplied 
by  the  cosine  or  by  the  sine  of  a  given  angle,  its 
value  is  reduced  to  that  of  its  projection  through 
that  angle  in  the  first  case»  and  through  its  complement  in  the  second 
case.  Then  if  OP  be  unity,  that  is,  QP  =  1<,  we  have  OM=co6  0 .  1| 
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and  PM  =:  sin  9  •  1|  in  numerical  value,  or  quantity  ;  and  these  two 
last  mentioned  lines  will  have  their  algebrucal  notatioti,  and  be 
referred  to  the  calculus  of  operations,  by  prefixing  the  appropriate 
signs  of  direction  belonging  to  the  positions  in  which  they  now  stand. 
In  the  circle  on  the  centre 
O,  let  the  radius  OA  =  h 
the  linear  unit,  and  the 
angle  POA  =  9  :  then 

OM   =    +l.C089.1r, 

PM  =  +^(-l)sin9.U 
and 
.P,M  =  -^(-l)8in9.1. 

in  quantity  and  guaUty. 

The  multiplicand  l,;^  being 
at  O,  the  multiplier  -^  1 .  cos  9 .  \r  brings  it  to  the  point  M»  whence 
it  is  carried  eidier  to  P  by  the  multiplier  +  ^(^l)8in9.1r»  or  to 
V,  by  the  multiplier  —  ^(— l)8in  9 .  lr«  In  the  first  case,  the  operation 
expressed  by  (+l.co8  9+^— 1.8in9)lr.lia  is  equivalent  toOPxl^ 
or  again  to  AP  X  lr«  l|i ;  &nd  in  the  latter  case,  the  operation  ex- 
pressed by  (4- 1  •  cos  9—  v^ — 1 . sin 9)lr .  Ip  is  equivalent  to  OP, X  lp> 
or  again  to  APP/  X  Ir*  l,i  or  APy  X  Ir  •  1^-  Then  we  should  have 

(+l.cos9+.y/— l.sin9)lr  X  (+l.cos9— v^— l.sin9)lr.l^ 
equal  to  APxPP^Xlr.l^  =  OAxl,^,     and 

(+l.co89+y— 1.8in9)U  J 
(+l.cos6+^-l.sine)l/  *" 

equal  to  AP X P A X 1,. . Ipt  =  AP X AP, X Ir.  1,*  =  OAxI,.. 

Take  OP'  =  OM,  and  PQ  =  PM  :  the  first,  separately  projected 
through  the  angle  9  and  its  complement,  gives  OM'  =  cos^9 .  Ir  &ad 
P'M'  ss  cos 9. sin 9. Ir ;  and  the  second,  projected  through  the  com- 
plement of  9,  gives  PN  =  8in'9.1r. 

Effecting  the  actual  multiplication  of  the  two  factors 

(+l.oos9+^— l.sin9)  and  (+l.cos9— -v/"-!'"^**^)* 

we  get  the  terms 

+  l.cos9x  +  l.cos9, 

+  ^— l.cos9.8in9,  — ^— l.coa9.8in9, 

+  V'  — 1.8in9x  — -v/— 1.8in9, 
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V  +l.cosB.lr  caxiies  Ip^from  O  to  M,  and  +l.coB0.1r  revolveB 
tiie  result  through  four  right  angles,  and  reduces  it  to 

OM'  =  +l.co6^9.1r.V 
2^  +v^— l-cosG.sinG.lr  would  carry  1,^  from  M'  to  P',  but  at 
the  same  time  — *^— *l.co88.8in0.1r  would  carry  it  to  P/  : 
consequently  in  virtue  of  the  two  equal  opposing  factors,  1^^ 
will  remain  at  M'. 
3"  -f  ^— l.smS.lr  carries  1^  from  M'  to  L  (M'L  s  MP),  and 
—  ^ — 1 .  sin  6 .  Ir  revolves  the  result  through  three  right  angles, 
and  reduces  it  to  M'A  =  PN  s=  +l*B^i^'6.1r.  V 
Then  OM'+M'A  =  (+l..cos»9+1.8in*e)U  =  +l.lr-    Thus  is 
effected  the  complete  synthesis  of  the  formula  cos'O  +  sin'G  =  1, 
which  is  the  numerical  analogue  of  the  forty-seventh  proposition  of 
the  firat  book  of  Euclid. 
(21).  The  functions  of  unity, 

+  l.cos9 +\/-"l-Mn9  and  +l.cos9  —  v^— l.sinG, 
whose  synthesis  and  geometrical  construction  are  above  given,  are 
coefficients  referring  the  radius  1^  respectively  to  the  positions  OP 
and  OP/,  forming  the  angles  +9  and  ^9  with  the  primitive  position 
OA  :  they  are  obtained  by  multiplication,  and  expressed  in  terms  of 
the  primitive  and  perpendicular  axes  and  the  angle  9  ;  their  product 
is  absolute  unity,  geometrical,  mechanical,  and  arithmetical;  and 
the  separate  result  or  effect  expressed  by  each  is  idendcal  with  that 
which  would  be  produced  by  the  multiplication  of  1^.  l^  by  the  cir- 
cular factor  4*9  or  —9.  If  then  we  can  find  two  factors  respectively 
equal  to  +9  and  —9,  and  whose  product  shall  at  the  same  time  be 
equal  to  1,  they  will  be  equivalent  to  the  factors 

+l.cos9 +^— l.sin9  and  +l«co8  6 -'\/—l«8in9, 
and  may  be  expressed  in  terms  of  the  angle  9  alone.  Now  the  ex- 
ponential functions  c"*"**^"*'*  End  e"^"^'*  (e  being  the  base  of  napierian 
logarithms)  are  two  factors  whose  product  tf**"^"***  X  c"*^"*'*  =  ^  is 
numerical  unity,  and  we  are  to  inquire  if  they  can  be  shown  to  be 
eqaivalent  respectively  to  -f  9  and  —9  as  coefficients  of  the  radius 
Ir  in  the  positions  OP  and  OP,, 

The  most  general  interpretation  that  can  be  given  of  the  signs 
±y^( — 1),  is  that  they  denote  unit  measures  of  quantities  that  are 
null  on  the  primitive  axis  of  measurement.  Now  angles  and  lines  are 
heterog^eous  elements ;  and  although  they  can  be  so  placed  that 
one  may  be  accepted  as  a  true  measure  of  the  other,  yet  they  are 
really  mutually  independent,  and  one  forms  no  part  or  constituent  at 
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all  of  the  other  :  that  is,  one  is  zero  with  respect  to  the  other.  Wlien 
the  sign  y/( — 1)  is  a  coefficient  of  a  straight  line,  it  indicates  the 
perpendicular  position  of  that  line  as  the  result  of  an  operation,  and 
consequently  is  the  coefficient  of  a  quantity  which  has  its  own  value 
in  its  own  sense,  but  is  zero  with  respect  to  the  primitive  axis  of 
measurement ;  but  since  angles  and  lines  are  zero  with  respect  to 
each  other,  and  yet  are  mutually  measurable  by  each  other,  the  sign 
^(  —  1),  when  made  the  coefficient  of  an  angle  (or  of  the  arc  which 
is  its  measure),  at  first  does  nothing  more  than  put  in  evidence  the 
native  heterogeneity  of  the  elements  angle  and  line,  namely,  that  the 
angle  is  nothing  among  lines,  and  vice  versa  :  it  is  the  coefficient  of 
a  primitive  quantity  which  has  its  own  value  in  its  own  sense,  but  is 
zero  with  respect  to  the  linear  axis  of  measurement. 

(22).  When  any  number,  as  e,  is  to  be  involved  geometrically,  it 
must  be  made  the  coefficient  of  a  unit  of  space  ;  and,  by  the  calculus 
of  operations,  the  exponent  of  the  number  becomes  the  coefficient 
of  the  unit  of  space  1^,  the  suffix  x  denoting  that  the  unit  of  space  is 
a  multiplier  and  not  a  multiplicand. 

P  The  general  result  is  c".!"  =  c*.»l,  or  e",»l|,  accordingly  as 
the  unit  of  space  is  rectilinear  or  circular.  The  result  eT .  »1|  is  equal 
to  the  line  nit  when  e  is  unity,  and  has  a  determinate  relation  to  that 
quantity  when  e  is  diffisrent  from,  unity,  that  is,  a  relation  which  can 
be  found  by  actual  development. 

2°  If  the  exponent  be  d=y'(— 1)«,  the  involution  of  the  number  e 
will  give  tf*^^"^^"X±v/(— l)».l/;  which,  by  reason  that  ±^(—1) 
is  zero  on  the  primitive  axis,  will  be  c^xO.l/  equal  to  zero  on  that 
axis;  but  since  it^(— 1)  =  ztl  on  the  perpendicular  axis,  the 
concrete  function  will  have  its  full  value  on  that  axis.  Consequently 
givc-i)**  ]ias  no  direct  development  upon  the  primitive  axis,  but  may 
have  an  indirect  one  through  the  perpendicular. 

3°  If  we  tak^  the  radius  1,.  =:  1,  the  linear  unit,  and  substitute  an 
angle  (by  its  arc  G  Ir)  for  the  exponent  »,  this  exponent  8  will  be  a 
number  expressing  how  many  times  the  given  arc  9 1^  contains  the 
radius;  and  the  involution  c*.lj  =  c\9lr  will  have  a  determinate 
relation  to  6  Iri  to  be  found  by  development,  and  measurable  directly 
upon  the  primitive  axis. 

4°  By  substituting  ±^(—1)9  for  exponent,  nothing  will  be 
changed  in  the  relation  of  the  angle  or  arc  to  the  radius,  the  direc- 
tion merely  from  the  primitive  axis  being  indicated  by  the  double 
sign  ;  and  the  involution  becomes  e*^^""*^'x  ±  ^(—1)9  lr>  which  has 
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ponent  (because  ^ — ~ —  =  0,  just  as  ^  =  0),  while  its  wwo- 


also  a  determinate  relation  to  dil .  8  Iri  to  be  found  by  development, 
but  measurable  directly  upon  the  perpendicular  axis. 

5®  But  e=*=^^-*)'  may  also  be  interpreted  as  (e*^^~*')' ;  and  since  we 
may  stipulate  that  the  exponent  shall  always  express  number  of  timest 
the  sign  must  be  held  to  its  real  or  numerical  value  zero  in  the  ex- 
it 

gmary  or  algebraical  value  perpendicular  unity  remains  in  the  co- 
efficient of  the  multiplying  unit  of  space.  Then  c"*"^^""*^  =  c°  =  1,  and 
the  involution  will  be  ^^<-»>«x(±  x/-l)9l,  =  (e°)»x(±  ^-1)81. 

=  l'X(±V-l)9l. 
=  1X(±V-1)91. 
=  ±1.01. 

=  OP  and  OP/,  since 
the  arc  or  angle  is  not  at  all 
disturbed  by  the  sign  of  ima- 
ginarity,  and  its  direction 
from  the  primitive  axis  is 
indicated  by  the  positive  or 
negative  sign. 


say 


then 


that  just  as 
l".l;=  \.n\t  in  linear  in- 
volution, so  does  €+>^(-i>»  X  l^+^«-^J»  =  1 X  (+  v'— 1)9  Ir  ==  + 1 .  81.  in 
circulsH*  involution,  the  arc  equal  to  the  radius  unity  being  the  unit 
of  arc.  Therefore  the  arc  AP,  which  measures  the  angle  POA,  both 
of  which  are  commonly  expressed  by  6,  is  the  measure  of  the  ope- 
ration which  generates  the  exponential  function  c**"^^"*^' ;  and  con- 
sequently when  the  loaded  radius  OA  X  1^=1.*  l(i  is  the  multiplicand, 
and  the  above  function  is  the  multiplier,  the  complete  concrete  func- 
tion (the  unit  of  arc  being  always  equal  to  the  radius  unity) 

^+V(-i)*x(+^-l)01,.l^  =  +1.01,.l^  =  APxlr.l^  =  OPxl|,. 
and  similarly 

«-y(-i)»X(-^-l)8l,.l^=  -l.0l,.l^  =  AP'xlr.l^=OP'xV 
Thus  we  account  for  the  agreement  which  has  been  found  to  subsist 
between  the  functions  c'^'^t-^)*  and  (+I.co8  0db^  — 1.8in0);  the 
former  being  expressed  in  terms  of  the  angle  alone,  and  the  latter 
in  terms  of  the  angle  and  the  axes.  The  product  of  each  pair  of 
factors  [namely,  e^^k-D^y^eT^^-D^  ==  1, 

and      (-f  l.cos0+y  — 1.8in0)(-f-l.co80— -/— l.sin0)  =  1]       is 


r 


so 
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equal  to  positive  unity,  and  consequently  returns  1^.  1^  from  either 
position  OPxl^  or  OP'Xl,i  to  the  primitive  position 

OAxl^  =  +1.1^. V 

So  while  the  factors  (+l.co8  9±  ^  —  1. sin 9)1,  refer  the  material 
unit  Ip  from  O,  through  OM  and  MP  and  MP'  respectively,  to  the 
points  P  and  P' ;  the  factors  e^'^^^^^Ar  refer  1^  from  A  respectively 
through  the  arc  AP  or  AP',  to  the  same  points  P  and  P'  :  the  re- 
sults are  the  same,  but  the  operations  are  different. 

(23).  Since  the  double  result  db  1  •  9  Ir  is  obtained  by  involving  the 
napierian  base  e  to  the  power  :hy/( — 1)9»  and  is  equal  to  the  result 
(•4-l.cos9±y— 1.8in9)lpf  we  see  the  explanation  of  the  equation 

±^(-1)9  =log(+l.cos9±y-l.sin9). 

As  e^^^-'^.lr  =  (+1.C0S9  +  v'-l.«n8)lr  =  OM+MP,     and 

e-^^-'^.lr  =  (+l,cos9  - V-l.sin9)l,  =  OM-MP',their 
sum  (e+^t-i)«+c-^(-»)*)l,  =:  +  8cos9.1,  =  ON,  being  the  e&ct  of 


■»" 


the  factors  in  the  direction  of  the  primitive  axis. 

To  subtract  the  second  equation  from  the  first,  we  must  first  refer 
OP'  through  an  angle  of  180**,  thus  : 

-l.c-^<-»^.l,  =  (-1.C0S9  +  V-l.sin9)l,  =  OM'+M'P,=OP,; 
then  adding  to  the  first  equation,  we  get 

(e+v(-i>i_^->^(-i)«)l^  =  +  2  V(-l)8in9.1,  =  ON',  being  the  effect 
of  the  factors  in  the  direction  of  the  perpendicular  axis. 
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Similarly  to  subtract  the  first  equation  from  the  second,  the  first 
step  is 

«l.e+^(-»)*.l,  =  (-1. cose --/-l. sin 9)1,=0M'-M'P/=0P/; 

and  then  adding, 

(-e+^t-»>«+r^«-»)*)l,  =  -2  V(-l)8in9.1,  =  ON/, 

being  a  negative  efiect  on  the  perpendicular  axis. 

The  function  6*^t~*>*  is  susceptible  of  two  forms  of  involution, 
accordingly  as  we  operate  with  (c*^^"*)'  or  (c')=*'^^~*^  :  the  first  me- 
thod gives  the  series  e**^^~^\  ^.±^{-1)^  ^.±V(-i)^  etc.,  referring  to 
the  angles  ±  -/(— 1)61«.  ±  V(— l)2Gl„  d=  V(  — 1)391.,  etc.  as  mea- 
sures of  operation ;  while  the  second  method  gives  e*^^~'^',  e""*'*, 
^v(-i)«^  e+**,  etc.,  and  refers  to  the  lines  ±V(— 1)91^,  —1.91^, 
7\^(— l)9lr9  -|-1.9lr»  etc.  as  measures  of  the  results  of  operation. 
Then  when  6  =  ^ir,  we  have,  by  the  first  method, 

^^..iv'c-i).  1^  _  OA'  or  OA'"  =  ±  V(-l)lr, 
e^-^^'t-D.i^    =OA"  =  -Ul^ 

^».Hi«)y-i,l^  =  OA"'  or  OA'-  =  :f  V(-l)lr. 
^.±^(-1)1^  =  OA  =  +1.1,; 

whence  ±Jir.  V(-l)l|  =  log(±  V-1). 

±lir.  V(-l)lt  =  log(-l), 
±|ir.V(-l)l.  =  log(=FV-l), 
±2ir.V(-l)l|  =  log(+l), 

i,  being  the  arc  equal  to  1,.    And  by  the  second  method, 

^v(-i)H«^l^  =  ±  -/-l.iirl,  (1,  being  equal  to  1,). 

f-»HM^       =  -l.Jirl,. 

e^<-»)HM^=  :fV-l.Jirl„ 

g+i.H« ^i^  =r  + 1 .  Jtrl/,  the  recorded  results  being  merely  linear. 
The  two  first  logarithms  (of  +  ->/— 1  and  —1)  were  first  discovered 
by  John  Bernouilli;  and  can  now,  with  many  other  imaginary 
results  equally  curious,  be  interpreted  geometrically. 

(24).  If  in  the  equation  cos*9-)-sin*9  =  1  we  write  y  and  x  fi>r 
cos  8  and  sin  9,  and  transpose  the  second  term,  we  have 

5^  =  l-a:«  =  {l+x){l^x). 

Regarding  y  as  the  dependent  and  x  as  the  independent  variable,  it 
is  proposed  to  treat  this  equation  by  the  calculus  of  operations,  with 
a  view  to  the  further  elucidation  of  the  properties  of  the  sign  of 
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perpendicularity.  To  this  end,  both  variables  y  and  x  must  be  refer- 
red to  the  same  axis  of  measurement ;  but  in  order  that  successive 
values  of  y  may  be  exhibited  conveniently  and  distinctly,  they  may 
be  traced  parallel  to  the  primitive  axis,  above  that  axis  for  positive 
and  below  for  negative  values  of  2,  all  the  time  understanding  that 
the  true  place  is  also  on  the  primitive  axis. 

Let  the  linear  unit  1^  ==  I^  be  equal  to  OA ;  1^  being  the  linear, 
Ij,  the  circumferential,  and  1,  the  semicircumferential  unit  multiplier, 
and  1^  always  the  passive  or  mateiial  unit  multiplicand.  We  have, 
then,  OA  =  +1-1/  in  quantity  and  quality. 

P  When  aj  =  0,    f\,  =  (+l)n,  =  +1.1,,  and 

yl,  =  (+l)M,=  ±l.l,; 

that  is,  yli  =  OA  or  OA'. 

2^  When  x  ha0  increased  to  some  positive  value  less  than  unity, 
let  it  be  a;  =  OP,  and  take  the  first  factor  1+2  as  coefficient  to  the 
multiplier  1^^  :  the  steps  of  the  operation  are, 


+  l.lx.l^  =  OAxl,»  =  +1.1,.!,.. 

+  l.a;l,.l^  =  OPxl^  =  +l.a?l|.l^. 

Now  this  result  (+l+lx)l,.lpi  is  our  multiplicand,  and  the  secoiid 
factor  (1  — x)  is  the  coefficient  of  the  new  multiplier,  which  will  be 
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circular  as  indicated  by  the  signs  +1  and  —1  :  the  steps  of  the 
operation  are, 

+  1. 1,.  1^+1. ajl|.  1,1  =  multiplicand, 
1^  and  l^.x       =  multiplier. 

+  l.lo.l,.l^  =  +1.1,. 1,1    =  OAxl^. 

+  1.1^5.a;l,.l^  =  +l.a;l/.i^  =  OPxlpi, 

+  i.l,.a;l,.l,,  =  -l.a?l,.l^  =  OP'xl^, 

+  l.l,.ar»l,.l,,  =  -l.x»l,.l^=  OQ'X  V 

The  opposing  equal  factors  OP  and  OP'  destroy  each  other's  effects, 
and  the  result  is  y'h  =  (+1— la^)l/  =  +OA-OQ  =  +0N. 

Instead  of  the  unequal  factors  (+1+Lb)1x=0A+0P=A'P  and 
(+1— la;)lj,=OA— OP=A'P'  which  give  the  result  y'li  =  ON,  we 
might  demand  two  equal  ones,  that  is,  the  square  root  of 

+0N  «  +l(l-aj»)l,j 

and  this  will  be  found  by  extracting  the  square  root  both  of  the 
numerical  factor  1  — «*  (which  expresses  the  measure  of  the  result 
or  quantity  of  the  operation),  and  of  the  mechanical  factor  +1 
(which  measures  the  operation  itself,  or  quality  of  the  result).  Then 
y  1,  =  (+1)'6(1— a:9)'fil, ;  and  if  OM  be  found  equal  to  the  numerical 
square  root  of  ON,  we  have  yl/  =  (+1)''.0M.  But  we  know  that 
(+1)"  has  two  values,  to  wit,  +1  and  —1 ;  and  therefore  we  have 
two  different  and  equal  quantities, 

yl,  =  +1.  V(l-ic»)l/  =  OM  and 

yl,  ==  -l.V(l-a:»)l/  =  OM', 

each  of  which  squared  will  be  equal  to  +1(1— «')1/  =  ON. 

The  true  place  of  both  x  and  y  is  upon  the  primitive  axis  A'A  ; 
but  if  on  the  perpendicular  axis  B'B  we  take  OC  equal  to  any  value 
OP  ofx  whatever  less  than  positive  unity,  and  draw  perpendicularly 
CL  and  CL'  each  equal  to  OM  the  coiTesponding  vsdue  of  y,  the 
extremities  L  and  L'  will  describe  the  quadrantal  arcs  AB  and  A'B, 
and  OC  and  CL  will  measure  the  effect  of  the  revolving  unit  radius 
OL  upon  the  perpendicular  and  primary  axes  respectively. 

3®  If  a:  decrease  from  zero  towards  negative  unity,  we  have  mere- 
ly to  invert  the  order  of  the  factors  into  (1— aj)(l+a;)  =  1— a*.  The 
first  factor  being  (+1— la;)!^,  the  steps  are  : 

+  l.l;,.l,,  =  OAxl^  =  +1.1,. !„, 

— 1  .a?lx.  1^  =  OP' X  In  =  — 1  .ajl|.  1^.     The  multipK- 
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cand  being  now  (+1'— l«)li.l|u  a&d  (+I+I2;)  the  coefficient  of  the 
multiplier,  the  steps  of  the  operation  are  : 

(+1— Lr)l,.ln  X  (lo  and  l^). 

+  1.1^.1,.!^     =  +l.li.l^     =  OAxl,,, 
— l.lo-aJli.lpt  =  —l.xhA^  a=  OP' XV 

— l.lo.aj»l,.l^=:  — l.a;»l|.l^a=  OCi'xV 

The  opposing  equal  factors  OP'  and  OP  destroy  each  other,  and  the 
result  is  y*l,  =  (+1— laf)l|  =  +0A— OQ  =  +0N  as  before.  But 
take  OC  equal  to  any  value  OP'  of  —a;  whatever  less  than  negative 
unity,  and  draw  perpendicularly  C'L,  and  C'L/'  each  equal  to  OM 
the  corresponding  value  of  y,  and  the  extremities  L,  and  h/  will 
describe  the  quadrantal  arcs  AB'  and  A'B',  while  OC'  and  C'L^  will 
measure  the  effect  of  the  revolving  unit  radius  OLy  upon  the  per- 
pendicular and  primary  axes  respectively. 

4"  Let  X  become  equal  to  unity  :  then  accordingly  as  2  is  equal 
to  +1  or  —1,  the  result  of  the  first  factor  will  be  (+1+1)1/.  1^  or 

(+1-1)1,.  V 

I.  (+1+1)1,.  l^X  (loandl.). 

+  1.10.1/. 1,^  =  +l.l|.l^  =  OAXljM 

+  l.lo.l|.l„  =  +1.1,. In  =  OAxl^, 

+  l.l..l,.ln  =  -1.1,. 1,^  =  OA'XV 

+  l.l,,l,.ln  ==  — l.l,.ln  =  OA'XV 

II.  (+l-.l)l,.ln  X  (loandg. 

+  l.lo.l,.l,,  =  +1.1,. 1„  =  OAx  V 

-l.lo.l,.ln  =  -l.li.l^  =  OA'XV 

+  l.lo.li.l,i  =  +1.1,. 1^  =  OAxl^, 

— 1.1^.1,. Ipt  =  — l.l,.lpt  =  OA'Xl,*. 

The  opposite  steps  destroy  each  other's  effects,  and  ^1,  =  0 . 1,.  But 
in  taking  x  perpendicular  to  the  primitive  axis  as  before,  it  becomes 
OB  and  OB'  respectively  for  the  values  +1  and  — 1,  and  in  these 
positions  measures  the  full  unit  value  of  the  revolving  radii  OL  and 
OL/.  The  points  L  and  L',  and  L/  and  L/,  which  marked  the  extent 
and  position  of  the  four  values  of  y,  have  merged  by  pairs  into  the 
points  B  and  B',  and  consequently  y  is  zero. 

In  all  the  preceding  cases,  x  and  y  are  the  absciss  and  ordinate  of 
the  circle,  or  the  sine  and  cosine  of  the  variable  arc  AL  =s  0. 
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5°  When  x  has  become  greater  than  positive  unity,  let  it  be  equal 
to  OP  :  the  first  factoii(+l+la;)lx  gives 


+l.lx.l,^    =  +1.1,. 1„    = 
+I.a5lx.ln  =  +l.xl/.lpi  = 

And  the  second  factor  (10=4.1  and  !«= 


"rlcl^.l/tlp  ^ 
+l.lo.a;l/.l^  = 
+l.l,.»l/.lpi  = 
+l.l,.rB'l,.l^= 


+1.1,.  1^ 

— l.a;l,.ln 
— l.a^l,.lp^ 


3r 
OAxV 

OPxV 

— 1)  gives 

=  OAxl,u 
=  OPxl,„ 
=  OP' XV 
=  OQ'XV 


9' 


The  result  is  y»l,  =  (+1— la^)l,  =  +OA-OQ'  =  —ON',  a  nega- 
tive quantity;  and,  in  fact,  when  a;  >  1,  l—a;'  is  negative.  If  a  be 
the  numerical  value  of  1— a*  independent  of  sign,  then  1—0?*=: — la, 
and  yl,  =  (1— aj»)'*l,  =  (—1)'*.  Va.h.  Now  we  know  that  (—1)" 
has  two  values,  to  wit,  +  V(— 1)  and  — -/(— 1).  Therefore  find  the 
Hue  equal  to  -/a.l,,  and  make 

OT  =  +V(-l).V(a)l, 

and  OT'  =  —  V(— 1).  V(«)l/,  and  they  will  be  the 

two  values  of  y  1„  each  of  which  squared  will  be  equal  to 

-l.al,  =  (l-x")l,  =  ON'. 

Then  if  we  take  OP  equal  to  any  value  whatever  of  x  greater  than 
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unity,  and  draw  perpendicularly  PL  and  PL'  equal  to  (a?— 1)'*1„ 
tbey  will  be  respectively  (-f-  V"*-l)(ar*— l)"!/  and  (—  V— l)(aJ*~l)'*li ; 
and  the  points  L  and  L'  will  describe  an  equilateral  hyperbola, 
whose  vertex  is  at  A  where  x  =  1  and  y  =  0. 

6"  If  X  were  negatively  greater  than  — 1,  we  should  use  the  fac- 
tors in  the  order  (1 — x)  and  (1+a:),  when  we  should  construct  the 
opposite  equilateral  hyperbola  whose  vertex  is  at  A',  where  x:=  —  1 
and  y  =  0. 

7^  Now  when  a;  >  1,  the  result  (1— a5')l|  is  negative,  and  equal 
to  (a^— 1)(— 1)1/.  For  instance,  when  a^lt  =  OQ,  we  have  found 
(1— a:»)l/  =  -ON',  which  is  evidently  (+0N)(— 1).  Then  if  we 
multiply  (1— ar^)l,  by  —1,  it  becomes  +0N  =  (a^— 1)1„  equal  to 
(arf  l)(a!: — l)li;  and  now  by  constructing  yl,  =:  drl(a^— 1)*'1<  paral- 
lel to  the  primitive  axis,  first  for  the  factors  in  their  present  order, 
and  afterwards  transposed,  we  shall  describe  the  two  opposite  equi- 
lateral hyperbolae  whose  vertices  are  at  B  and  B',  where  y  =  0  and 
x=  dch  although  the  tnie  place  of  both  x  and  y  is  on  the  primidve 
axis  A 'A. 

8°  By  operating  with  the  factors  (x+l)l,j-and  (a?— l)lxof  the  equa- 
tion (ar*— 1)1/  =  y'l/,  we  move  as  follows  [figure  on  next  page]  : 

For  values  of  x  greater  than  +1  and  less  than  — 1,  we  shall  find  y 
to  be  the  ordinates  of  the  two  hyperbolae  whose  vertices  are  B  and  B'; 
but  when  x  is  less  than  +1  and  greater  than  0,  let  it  be  xl|  :=  OP. 

Then  +l.a;lx.ln  =  +l.a;l/.l^  a=  OPxl^, 

+  l.lx.l,a    =  +1.1/.  1|,    =  OAXV 

+ 1 .  a;l/ .  1^  + 1 . 1/ .  1^  =  multiplicand, 
1^  and     1,       =  multiplier. 

+  l.lo.a:'l,.l„  =  +l.ic'l/.l,.  =  OQXl,u 

+l.lo.a;l/.l^  =  +l.a;l,.lp,  =OPxl,u 

+  l.l,.xl/.l^  =  —l.xh.lp,  =OP'Xl,u 

+l.l,.l/.l^  =— l.l,.l^    =OA'Xl^. 

The  opposing  equal  factors  OP  and  OP'  destroy  each  other's  effects, 
and  the  result  is 

-OA'+OQ  =  -ON'  =  (-14-laj»)l,  =;  (l-x»)(-l)l,  =  y«l^ 

Then  yl,  =  ±  y(-.l)(i-.x»)iii,  =  QM  and  OM',  or  PL  and  PL' ; 
and  if  the  order  of  the  factors  were  [x — l)lx  and  (aj+l)!^,  we  should 
have  precisely  the  same  result ;  but  by  taking  x  negative  and  equal 
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to  OP',  we  shall  get  yl,  =  P'L,  and  P'L/.  Then  giving  to  x  all 
values  between  ±1  and  0,  the  points  L  and  L',  L/  and  L/,  will 
describe  tbe  two  semicircles  BAB'  and  BA'B',  under  the  imaginary 
ordinate  y.  This  ordinate  y  is  the  sine  of  the  variable  arc  AL,  % 
being  its  cosine ;  and  thus  is  effected  the  transition  from  the  equi- 
lateral byperbola  to  the  circle. 

(25).  We  began  with  the  equation  a^'H-^  =  1,  or  cos'6+sin'6  =  1, 
the  sine  and  cosine  being  of  course  each  less  than  unity ;  and  when 
X  or  cos 9  becomes  greater  (either  positively  or  negatively)  than 
unity,  since  the  square  (^  a  positive  or  negative  quantity  is  alike 
positive,  it  is  also  greater  than  unity,  and  the  square  of  y  or  sin  6 
most  necessarily  be  taken  negatively  in  order  to  satisfy  the  equation, 
whicb  now  becomes  (d=a;)*+(— y')  =  1,  or  (i:Cos6)'+(— ain'Q)  =  1, 
that  is,  «*— -y*  =  1  or  cos'B — ^ain'G  =  1 ;  or  the  difference  of  the  squares 
of  the  variables  equal  to  unity,  whereas  before  their  sum  equalled 
unity.  In  the  equation  ^•\'y^^='  1,  the  limits  of  a;  and  y  are  0  and  ^1 
for  both,  and  the  sines  and  cosines  appertain  to  the  circle ;  but  in 
the  equation  a:*— y"  =  1,  the  limits  of  a  are  ±1  and  ±00  ,  those  of  y 
being  0  and  ±qo  =F1,  and  the  sines  and  cosines  appertain  to  the 
hyperbola. 
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Thus  wp  see  tliat  the  transition  of  x  across  unity  necessarily  con- 
verts the  equation  a^+y*  =  1  into  a^— V  =  1»  iii  order  that  the  con- 
dition of  equality  to  unity  may  still  be  satisfied.  Therefore  there  are 
two  alternatives  :  either  y'must  be  multiplied  by  —1  in  the  original 
equation  a^+y*=  1  or  y'=  1— a:*,  which  will  convert  it  into  a;* — y*=  1 
or  y*=a^ — 1;  or  else  y  must  be  multiplied  by  V(— 1)  in  the  de- 
composed equation  (ar+->/— l.y)(a^-V— l.y)  =  1  or  y  =  ^/{l-^), 
which  will  give  the  results 
(a;+>/— .ly.\/— l)(ar— >/— l.y.>/— '1)  =  (aj— y)(arfy)==x*— y*=l,  and 

(yV— 1)«  =  1-^,  which  is  y«  =  -l(l-ir»)  =  -fl(»»-l). 

(26).  Elevating  the  equations  c'*'^"**=+l.cos9  +>/— l.sinS  and 

^w-i.«  =  +i,coa9— >/— l.sinG     to 
the  power  +>/ — 1,  they  become 

^-^••  =  +l.cos(>/— 1.9) +>/—!. 8in(>/— 1.9)  and 
^+1.1  =  +1 .  cos(>/— 1 . 9)  -V— 1 .  sin(x/^l .  9),  by  reason  of  the 
truth  of  Demoivre's  formula 

(cos 9  dr>/— 1  sin 9)"  =  co8n9  db>/— l«n«9 

for  all  values  of  ».  But  the  sign  V  —  1  being  nothing  else  but  unity 
with  respect  to  angle  or  arc,  the  righthand  members  of  the  two  last 
equations  are  the  same  as  4. 1 .  cos  9(\/— 1)  ±>/— 1 .  sin  9(>/ — 1)  ;  and 
this  again  is  +\^ — l.cos9  =Fl.ain9i  fh>m  which  we  obtain  the  pro- 
duct — l.co8«9  —  1.8in'9=-i'l,thatis, -f.l.coB«9+1.8in«9==4-l; 
and  we  have  also  c-**Xc+''=  ±1  =  (+1)''. 
The  double  value  c"*Jx  «■*"*••=  ±1  arises  thus  : 
V*  The  value  -f-l  arises  from  the  reciprocality  of  the  factors,  as  in 


fl- 


ail cases  a*Xa  "  =  —  =  +1. 

or 

^  The  value  —1  arises  from  geometrical  involution,  by  which 
^^-1.8  l±7-i.»_^^-i.«X(±V-l)9l,;  and  as  e*^ -*•=:«•  =  1 
(because  V — 1  =  0,  since  exponents  are  numerical  values  ob- 
tained from  the  primitive  axis)y  this  result  is  (:i:>/-~"l)91f  on 
the  perpendicular  axis.  Then  we  have  c'*'^~*''xc~^~*'M,=+l.l| 
by  reciprocality,  and  (regarding  9lx  as  a  multiplicand) 

^+v-Mxe-^-^-V91x  =  (+ V— 1)(— V— 1)91,  ^  +1.1, 
also  by  the  factors  obtained  from  the  involution. 
3"  But  as  we  have  now  e"*"^"*  =  -j-  ->/ — 1  and  e"^~*  =  —  -/ — 1,  if 
*    we  square  the  first  equation  and  bisquare  the  second,  it  will  be 
equivalent  to  multiplying  the  eicponents  and   coefficients   by 
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+  V—1  =  (—1)"  =  (+1)*,  and  gives 

(e+^-i)»  =  e-'  =  (+V—IY  =  —1,  and 
(e-^-'Y  =  «■*-*  r=  (— V— 1)*  =  +1.  Consequently  by  re- 
dprocality,  c**-"  X  c^**' .  1/  =  + 1 . 1, ;  but  by  the  factors  obtained 
from  the  involution  (regarding  9lx  as  a  multiplicand),  we  get 

«-»-*Xc+'-\91x=  (— l)(+l)ei/  =  — l.eii;  that  is, 

«"*••  X  c"*"*-'  =  ±1,  accordingly  as  the  factors  are  in- 
volved arithmetically  or  geometrically. 

The  same  result  is  also  dedncible  immediately  from  the  comparison 
of  the  geometrical  with  the  arithmetical  involution  of  the  factors  of 
the  lefthand  member  of  the  last  equation,  the  first  of  which  gives 
^i.t  jji.i  __  e^^'^x^l.^h;  and  now  :f  l.Oli  represents  two  lines 
upon  the  primitive  axis,  and  may  be  made  the  multiplicand :  whence 

«-^Xe+*-\  91i  =  e-»-\(— l)x<5+*-*.  (+1)91,  =  1 X  (— 1K+I)ei, 

=  —1.91,,  or 

«"*'•  X  «■*■*••  =  — 1>  while  the  arithmetical  involution  gives 

The  double  factor  +l.co8  9('/ — l)ir  V — l.sin9(V — 1),  ex- 
pressed in  co-ordinates,  is  x{  V— 1)  ^  V— 1  .y(  V — 1)»  which  gives 

=  —1. 
In  this  stage  of  the  proceeding,  if  we  multiply  +  ->/— l.cos9,  and 
x(  -/ — 1),  by  — ->/ — 1,  we  convert  the  double  factors 

-[-V — l.co895rl.Bin9  and  ir(V— -1)5=1. y 

mto  -|-l.cos9  5=1.8in9  and  +1.35^:1. y, 

and  consequently  the  equations 

*— l.cos'9— l.sin«9  =  —1  and  — a"— y*  =  —1 

mto  4-l.co8'9  — l.sin»9  =  +1  and  +a?—^  =  +1  for  values 
of  cos 9  and  x  greater  than  unity;  and  for  such  values  of  9,  the 
equation  c~*-*  X  «"*"*••  =  +1  is  still  true. 

By  this  tour  deforce^  we  have  again  passed  from  the  circle  ex- 
pressed by  o^-f-y"  =  1  or  cos'9-|-Bin'9  =  1,  to  the  equilateral  hyper- 
bola expressed  by  a?-^  =  1  or  co8'9-— 6in'9  =  1 ;  that  is  to  say, 
from  circular  to  hyperbolical  cosines  and  sines. 


*  It  if  known  that  arithmetical  and  algebraical  development  give  different 
ramits  in  many  eaiei,  bat  snob  that  both  aie  troe. 


( 
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[  In  the  calculus  of  potential  functions,  the  following  substitutions 
are  made  : 

+Cos  9  =  +COS  9 .  V— 1, 

-f  Sin9  =  (— V— l)sin9.  V— 1  =  +1  sin  9,  and 
— Sin  9  =  (+  y/ — l)sin9.  -/ — 1  =  — 1  sin  9  ;  the  two 
last  being  identical,  and  the  first  precisely  equivalent  to  the  product 
(+\/ — 1)( — V — 1') cos 9  = +1  cos 9  (See  Peirce's  Treatise  on 
Curves,  Functions  and  Forces,  vol.  ii,  p.  28).  This  method  is  tan- 
tamount to  first  multiplying  both  squares  in  the  original  equation 
a^^+y*  =  .1  by  — 1,  and  subsequently  — o?  again  by  that  factor, 
making  x^ — y^  =  1.] 

(27).  From  the  researches  in  the  three  preceding  paragraphs,  it 
appears  that  the  two  characteristic  properties  of  the  symbol  V — 1, 
namely,  its  statical  property  or  passive  signification  (as  effect),  by 
which  it  coincides  with  the  principle  of  perpendicularity  in  being 
zero  or  neutral  upon  the  primitive  axis ;  and  its  dynamical  property 
or  active  signification  (as  cause),  by  which  its  square  produces  ne- 
gative unity,  sufiice  to  a  complete  and  logical  interpretation  of  the 
course  of  the  quadratic  equation  y^  =  1 — a^  for  all  positive  and 
negative  values  of  a;.  The  alleged  discrepancy  between  the  hyperbola 
and  circle  with  respect  to  the  interpretation  here  contended  for,  is 
now  shown  to  have  no  existence ;  the  imaginary  exponential  is  now 
geometrized ;  the  mystery  about  imaginary  arcs,  it  is  hoped,  is 
cleared  up  ;  and  the  truth  of  the  relation  in  question,  in  all  its  broad 
generality,  is  insisted  on,  and  believed  to  be  firmly  demonstrated. 

(28).  We  may  now  review  the  origin  and  signification  of  the  sign 
V(  — 1).  The  question  is,  Given  the  signification  and  origin  of  the 
quantity  —1 . 1/,  to  find,  first,  that  quantity  which,  when  multiplied 
by  itself,  shall  be  equal  to  the  given  quantity  —1.1/,  or,  in  other 
words,  to  find  the  square  root  of  —  1 ;  and,  secondly,  ta  determine 
the  true  import  and  value  of  such  square  root.  Observe  that  all  the 
quantities  concerned  are  nothing  but  the  measures  of  the  results 
of  certain  operations,  and  therefore  we  have  only  to  define  the 
operations  which  will  produce  such  results. 

1°  The  signification  of  the  quantity  — 1.1/  is,  that  it  is  the  mea- 
sure of  a  unit  of  effect,  produced  by  a  unit  of  force  of  the  first  order 
in  the  unit  of  time,  and  of  a  negative  quality,  or  such  that  it  would 
cancel,  neutralize,  or  destroy  an  equal  positive  effect :  it  stands  like 
the  measure  of  the  operation  of  subtraction  opposed  to  that  of  addi- 
tion, and  is  geometrically  represented  by  a  linear  unit  drawn  in  the 
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opposite  direction  to  the  linear  unit  which  measures  one  operation 
of  addition. 

2**  The  quantity  —1.1/  may  originate  in  two  ways  :  first,  by  direct 
negative  transfer  on  the  primitive  axis,  from  zero  through  the  unit 
of  distance,  when  l^i  is  multiplicand  and  —  l.l^  multiplier;  and, 
secondly,  by  semirevolution  of  the  radius  unity,  when  +1.1,..  1^  is 
multiplicand  and  — 1.1,  =  1,  =  arc  180°  is  multiplier,  which  is  the 
general  way. 

3®  To  find  the  quantity  which,  multiplied  by  itself,  shall  produce 
— l.li,  we  have  but  to  proceed  in  accordance  with  the  operation 
which  produced  the  quantity  —  1 .  1|  itself  As  this  result  was  pro- 
duced by  one  uniform  operation  in  the  unit  of  time,  two  equal  ope- 
rations in  the  unit  of  time,  each  equal  in  extent  to  half  the  former 
single  one,  will  evidently  reproduce  the  same  result,  and  answer  to 
the  operation  of  squaring,  as  well  as  the  former  did  to  the  operation 
of  multiplying  once;  that  is,  the  multiplicand  being  +].lr.l^  as 
before,  let  the  multiplier  be  !«  =  arc  90°,  whence  by  two  successive 
multiplications  we  get  la.l,..!,^  and  lj.l,..l,j  =  — 1.1,..  l,t,  so  that 

4"  The  import  of  the  symbol  -/(— 1)  thus  obtained  is  twofold  : 
first,  as  a  coefficient  of  the  unit  radius  when  it  forms  a  right  angle 
with  and  above  the  primitive  axis,  it  indicates  the  perpendicularity 
of  that  radius,  in  which  position  it  has  evidently,  as  the  measure  of 
n  effect  in  general,  at  the  same  time  the  value  zero  on  the  primitive 
a..i.  and  the  value  positive  unity  on  the  perpendicular,  which  is  its 
statical  value,  and  signifies  the  result  (+  ^/—lAr.l^)  of  the  first 
multiplication  by  the  quadrant ;  and,  secondly,  as  a  multiplier,  it  is 
equivalent  to  the  right  angle  or  the  ai*c  of  90°,  which  is  its  dynamical 
value,  and  signifies  that  a  multiplication  by  the  quadrant  is  to  be 
performed;  and  consequently  when  the  multiplicand  is  -|-  V  —  l>lr<l^» 
it  produces  the  result  —^  1.1^.1  ^. 

5*  This  import  of  the  symbol  -/— 1  applies  to  it  when  a  coefficient 
of  a  straight  line.  In  consequence  of  the  heterogeneity  between  an- 
gular and  linear  dimension,  an  angle  has  naturally  a  similar  relation 
to  a  line  that  the  perpendicular  has  to  the  primitive  axis  of  measure- 
ment, namely,  the  relation  of  zero  to  unity,  and  vwe  versa.  The  sign 
±  •/  —  1  has  the  value  zero,  only  because  as  the  measure  of  a  unit 
of  operation  it  brings  the  line  +1.1/  into  the  position  in  which  it 
becomes  zero  on  the  primitive  axis  ;  but  by  any  such  unit  of  opera- 
tion in  a  plane,  as  multiplying  the  angle  or  arc  9  by  ±  V  — 1»  that 
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angle  is  not  brought  into  a  position  in  which  it  becomes  zero,  since 
it  is  not  and  cannot  be  measured  upon  the  primitive  (or  any  other 
linear)  axis,  but  onlj  from  such  axis  as  its  origin.  Therefore  although 
±  V  — 1  may  have  a  value  zero  with  respect  to  lines,  it  does  not 
follow  that  it  must  have  such  value  with  respect  to  arcs  or  angles  ; 
while  its  fundamental  value  as  the  measure  of  a  unit  operation  ren- 
ders it  available  as  unity,  and  unity  only,  when  a  coefficient  of  an- 
gular dimension  and  of  the  arc  its  measure.  Moreover  in  a  plane 
there  are  two  mutually  perpendicular  directions,  each  of  efficient 
value  in  itself,  but  zero  or  neutral  with  respect  to  the  other,  and 
altogether  subdivisible  mto  four  cardinal  directions  opposed  to  each 
other  in  pairs,  corresponding  to  the  four  points  of  the  compajss,  and 
appropriately  designated  by  the  four  signs  +1,  +  -/— 1.  — 1>  and 
—  V — 1;  but  there  are  only  two  possible  directions  of  angrular 
movement  or  operation  in  the  same  plane,  a  direct  or  superior  (po- 
sitive), and  an  inverse  or  inferior  (negative)  :  of  course,  then,  as  it 
respects  angular  direction,  the  signs  d=  V  — 1  must  merge  into  ±1. 
We  should  have  then  drV  — 1.9  =  ±1.9;  but  since  either  the  arc 
equal  to  the  radius  unity,  or  the  radius  unity  itself,  may  be  made  the 
multiplicand  unit  of  space,  and  0  is  an  abstract  number,  we  have 
always  the  double  system  of  values  drV— .1-91,  =  ±1.91|  and 
i-/— 1.91r  =  9(dr  V— l)ln  the  former  denoting  an  arc  (1,  being 
the  unit  arc),  and  the  latter  a  line  9 1^  (1^=1/)  on  the  perpendictdar 
axis. 

6^  As  the  coefficient  of  an  exponent,  the  two  values  of  the  symbol 
V  — 1  have  their  significance  : 

First,  its  arithmetical  value  ±  V  — 1  =  0,  deduced  from  the  pri- 
mitive axis,  renders  the  value  a*"^"*'*  =  a®-*  =  1,  which  of  course 
precludes  geometrical  involution,  and  consequently  algebraical  de- 
velopment, because  a°.lj  =  a°.0.1,  =  0 ;  but  it  allows  the  arith- 
metical involution  to  subsist,  a°.  1/  =3=  1. 1|. 

Secondly,  its  algebraical  vahie  ±r  V— 1  =  2=  1  on  the  perpendicu- 
lar axis  renders  the  value 

=  lx±:  ->/ — \.x\i  (because,  in 
the  result,  the  expovient  must  have  its  arithmetical  value,  which  is 
zero,  while  the  coefficient  is  algebraical),  and  thus  allows  the  develop- 
ment to  take  place.  Consequently  in  the  function  a*^~S  the  value 
zero  is  an  immediate  value  of  the  exponent  ±  V — 1»  which  confines 
the  function  to  its  undeveloped   but  arithmetically  involved  value 


*  *  MATHEMATICS.  33 

a*  =  1 ;  while  the  value  unity  is  proipecHve,  under  which  value  the 
development  is  allowed  to  proceed.  'When  we  regard  an  exponent 
tt  expressing  the  number  of  timeg  an  operation  is  to  be  performed, 
it  must  be  an  arithmetical  number,  among  which  :h  V-*l  ==  0 ;  but 
if  the  exponent  express  the  directum  in  space  in  which  the  operation 
is  to  be  performed,  the  symbol  ±  V--*-l  necessarily  conserves  its 
general  algebraical  value. 

(29).  We  may  now  say  that  we  have  arrested,  and  even  bottled 
the  shadowy  imp,  the  mystical  symbol  of  imaginarity,  the  impossible 
square  root  of  one  less  than  nothing.  Like  a  notorious  prototype, 
Asmodeus,  our  calculating  imp  performed  many  surprising  and  ac- 
commodating feats  for  the  diversion  and  edification  of  his  conjuring 
master ;  but  unlike  that  prototype,  his  first  advent  hailed  from  the 
dim  and  distant  fields  of  the  vague  unknown,  and  his  journey  has 
terminated  where  that  of  Asmodeus  begun.  Long  viewed  as  an  '  airy 
nothing,'  he  is  from  this  day  provided  with  '  a  local  habitation '  -— 
names  enow,  I  ween,  have  hitherto  been  his  acknowledged  but  his 
only  dower.  Fluttering  in  the  regions  of  the  twilight  meridian,  hia 
haunts  were  closely  beset  by  curious  and  indefatigable  watchers,  by 
some  of  whom  he  had  at  times  been  actually  recognized  upon  his 
perch  ;  but,  anon,  presto,  he  appeared  suddenly  in  the  east,  in  the 
north,  in  the  west,  and  boxed  the  compass,  or  the  contrary ;  and  it 
was  impossible  to  identify  the  true  law  of  his  being,  or  to  remount 
to  the  source  of  his  birth.  Like  the  sad-voiced  night-bird  of  the 
american  forest,  his  notes  told  only  in  the  obscure  shades  of  the 
evening ;  and  when  looked  upon  under  the  light  of  open  day,  his 
appearance  betrayed  no  intelligible  correspondence  with  his  myste- 
rious function,  which  remained  inscrutable,  and  even  problematical, 
until  all  was  again  plunged  in  the  medium  of  the  chiaroscuro.  Ob- 
serve now  his  double  janus-face,  the  fourfold  source  of  that  wondrous 
power  which  enables  him  incontinently  to  bridge  the  gulf  of  nothings 
ness  as  though  it  were  not  there,  then  to  lead  off  alone  the  long  mazy 
dance  of  unity  in  all  its  varied  steps,  and  at  last  to  point  his  finget 
(index)  significantly  to  the  primum  locale  of  the  mighty  musician  who 
attunes  the  pythagorean  harmony  of  the  universe ! 

(30).  The  epithet  douhle  janus-faced  is  applied  to  the  symbol  V  -^1 
in  allusion  to  the  ttoo  systems  of  duplicate  values  which  it  possesses, 
one  system  as  an  algebraical  or  mechanical,  and  the  other  as  an 
arithmetical  or  numerical  coefficient : 

3 
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1*  Ab  a  mechanical  coefficient,  it  baa,  first,  an  itcHve  sense,  aa  a 
multiplier  or  causCf  ander  wbich  signification  it  denotes  a  right  angle 
as  measured  by  the  quadrant,  and  directs  a  unit  operation  to  be 
performed ;  and,  secondly,  a  pasnve  sense,  as  a  product  or  ^feei, 
under  which  signification  it  denotes  the  perpendicular  radius  unity, 
and  records  that  a  unit  operation  has  been  perfcrmed,  and  is  mea- 
sured by  this  radius. 

2^  As  a  numerical  coefficient,  it  has  at  the  same  time  the  value 
zero  on  the  primitive  axis,  and  the  value  unity  on  the.  perpendicular 
axis,  and  is  consequently  a  true  coefficient  of  neutrality. 

By  its  active  or  dynamical  property,  it  subjects  the  unit  measure 
of  an  operation  successively  to  the  four  cardinal  qualities  of  positi- 
vity,  positive  neutrality,  negativity,  and  negative  neutrality ;  and 
thereby  enters  into  the  genesis  of  equations  and  construction  of  curves 
as  a  fundamental  and  controlling  element. 

But  as  might  have  been  anticipated  from  the  mutual  heterogeneity 
of  the  three  elements,  line,  angle,  and  number,  these  elements  com- 
port themselves  differently  under  the  performance  of  a  unit  operation; 
and  accordingly  it  has  been  found,  first,  that  the  straight  line  (under 
the  emblem  of  a  rigid  movable  radius)  is  capable  of  being  placed,  by 
a  unit  of  operation  expressed  by  ±  '/^l .  1^,  in  a  position  in  which 
it  has  the  simultaneous  values  zero  and  unity  positive  or  negative ; 
secondly,  that  the  angle  has  no  such  capability,  but  that  a  unit  of 
operation  with  respect  to  a  given  angle  (expressed  by  db  V — 1 .  OU) 
can  only  consist  in  the  transfer  of  the  multiplicand  radius  1^  through 
that  angle,  in  the  direction  in  which  it  is  measured  by  its  arc  8  It ; 
and,  thirdly,  that  a  number  expressed  by±'v/— l.nisa  ratio  sus- 
ceptible of  the  duplex  value  0.»  and  ±  >/— l.n  proper;  and  when 
officiating  as  an  exponent,  the  first  value,  being  arithmetical,  governs 
the  imdeveloped  function  a*^"*"  =  a°  s=  1,  and  may  therefore  be 
termed  an  immediate  value;  while  the  general  value  ±  •/ — 1  is 

prospective,  authorises  the  operation  of  geometrical  involution 

a''''^~^'Mxs=  db  -/— 1 .9il|,  and  accompanies  the  process  of  algebraical 
development. 

(31).  It  is  concluded  that  the  relation  of  agreement  or  coincidence 
which  is  known  to  exist  between  the  square  root  of  a  negative  quantity 
and  the  perpendicular  radius  of  a  circle  is  not  an  accidental  one,  but 
arises  legitimately  from  principles  and  conditions  which  lie  at  the 
very  foundation  of  the  entire  structure  of  the  science  of  mathematical, 
analysis.  All  numbers,  ratios,  or  Amctions  of  x  whatever,  express  or 
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imply  tbe  results  of  operations  perfbrmed  in  space  and  time,  and 
indeed  at  first  only  come  into  existence  through  the  performance  of 
Bach  operations.  The  operation  of  multiplication  may  be  looked  upon 
as  typical  of  all  the  others  :  the  multiplier  may  have  one  of  two 
forms,  linear  or  angular ;  and  one  of  two  qualities,  direct  or  inverse, 
or  some  given  combination  of  these  two  forms  and  qualities*.  So 
long  as  the  unit  measure  of  the  operation  is  fixed  in  quantity,  that  is, 
does  not  change  by  increase  or  decrease  during  the  operation,  we 
remain  in  the  ordinary  algebraical  calculus ;  and  it  is  the  variation 
of  this  measure  during  the  actual  performance  of  the  operation  itself 
that  gives  rise  to  the  fiuxionary  or  differentia]  and  integral  calculus. 
When  the  law  of  this  variation  is  assigned,  the  result  in  space  and 
time  may  be  directly  calculated ;  and  in  this  way  the  genesis  of 
functions,  and  indeed  the  entire  subject  of  mathematical  development, 
both  algebraical  and  transcendental  ( be  the  indices  whole  or  frac- 
tional, positive  or  negative,  real  or  imaginary),  have  an  explanation 
in  the  calculus  of  operations,  which  achieves  for  the  coefiicients  of 
Taylor's  series  that  office  which  is  performed  by  the  calculus  of 
permutations  for  the  coefficients  of  equations  :  indeed  the  entire 
series  may  be  constructed  upon  the  blackboard,  the  effect  of  each 
term,  and  of  each  letter  and  sign  in  each  term,  having  its  distinct 
position  in  the  picture.  This  calculus  also  comes  in  for  a  share  of 
application  to  the  theory  of  equations ;  to  the  genesis  and  develop- 
ment of  logarithmic,  circular,  and  elliptic  functions ;  and  applies 


*  Algebraists  have  uniformly  proceeded  as  though  impressed  with  a  notion 
that  ph>chictB  o(  tw«  aa^of  thrw  fiwWv;  ^«#ol».Qf  ^ucs^ii^H)!/.  the  squarp  and 
cobe  of  the  linear  unit,  must  neeeuarily  represent  surfaces  and  solids.  The  prin- 
ciples and  method  af  the  calculus  of  operations  readily  explain  the  genesis  of 
surfaces  and  solids  by  the  particulaCr  manner  in  which  the  operations  of  squarfng' 
tnd  cubing  the  linear  unit  are  conducted  (See  Calculus  of  Operations,  chapter  ii, 
n*  8),  but  which  is  inapplicable  beyond  the  third  dimension ;  while  at  the  same 
time  it  is  the  distinguishing  characteristic  of  those  principles  and  that  method  to 
explain  the  operation  of  geometrical  involution  in  a  manner  sufficiently  general 
to  apply  to  all  dimensions  whatever.  The  insufficiency  of  the  notion  referred  to, 
and  the  inconvenience  it  has  occasioned  to  analysts,  appear  abundantly  in  the 
abortive  attempts  hitherto  made  at  the  interpretation  of  quadratic  equations 
whose  righthand  member  remains  negatiye  after  completing  the  square.  This 
absolute  term,  viewed  as  a  negative  furface^  can  have  no  square  root,  that  is,  no 
single  factor  which,  by  two  operations  under  the  same  law,  can  generate  such 
SQrfiMe  ;  but  when  n^arded  (as  it  should  always  be)  in  the  more  general  aspeet 
of  a  ne^ioe  line,  the  single  faotor.and  its  mode  of  operation  are  known. 
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directly,  and  with  immediate  elucidation,  to  the  mediod  of  transrer* 
sals  in  geometrj.  But  this  much  will  more  than  amply  suffice  for  the 
announcement  of  pretensions  confessedly  somewhat  extravagant; 
and  fuxther  operations  must  now  be  suspended,  until  time  sufficient 
shall  have  elapsed  for  the  formation  of  opinions  as  to  the  validity  of 
the  principle  I  have  proposed  to  adopt,  so  far  at  least  as  to  absolve 
the  doubt  whether  the  calculus  of  operations,  in  the  form  in  which  I 
have  attempted  to  present  it,  is  really  entitled  to  the  appellation  of 

A    METHOD. 

Prof.  Peirce  regretted  that  the  timt^  afforded  Mr.  Paterson  was 
too  short  to  explain  the  result  of  the  researches  of  so  many  years  of 
intense  study.  This  was  the  first  serious  attempt  to  explain  the  square 
root  of  minus  unity  by  perpendicularity.  It  was  indeed  a  sublime 
attempt,  which  would  eventually  bear  fruit  of  the  most  precious  kind 
to  all  who  were  interested  in  tracing  the  effects  which  occur  in  the 
universe  to  those  true  laws  by  which  thay  were  governed.  He  could 
not  say  enough  in  commendation  of  the  result  which  the  researches 
of  Mr.  P.  had  led  him  to,  and  he  regretted  that  the  time  of  the 
Section  was  so  limited.  * 


2.  On  ▲  Problem  in  the  Doctrine  of  Chances.    By  Professor 

B.  Peirce. 


[«ai  recewed.] 


n.  MECHAKICS. 

3.  On  the  Proper  Measure  of  Mechanical  Force.    By  Prof. 
J.  H.  Coffin,  of  Lafayette  College,  Pa. 

At  our  meeting  in  Philadelphia  three  years  ago,  some  views  were 
advanced  in  regard  to  the  pr6per  measure  of  the  force  of  bodies  in 
motion,  which  were  admitted  to  be  at  variance  with  the  received 
opinions  of  philosophers  on  the  subject,  but  which  were  claimed  to 
be  both  correct  philosophically,  and  in  accordance  with  the  expe- 
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rience  of  practical  men.  It  was  stated  by  the  distinguished  professor 
who  advocated  those  views,  that  if  a  globule  of  mercury  were  let  fall 
upon  the  platform  upon  which  he  was  standing,  the  force  with  which 
it  would  strike  the  platform  would  be  proportional,  not  to  its  velocity 
simply,  as  had  been  usually  supposed  and  maintained,  but  to  the 
iquare  of  its  velocity ;  and  that  this  was  the  general  law  in  regard 
to  the  force  of  moving  bodies,  viz.  that  it  varied  as  the  square  of  the 
velocity. 

The  same  doctrine  was  repeated  substantially  at  our  last  meeting 
in  New-Haven,  limited,  perhaps,  however  (for  I  am  not  certain),  to 
what  was  denominated  its  '  working  power ; '  that  is,  the  product  of 
the  space  into  the  mass.  It  was  said,  in  illustration,  that  the  force  of 
a  ball  shot  through  a  series  of  parallel  homogeneous  plates  would 
be  properly  measured  by  the  number  of  plates  perforated,  and  that 
this  was  shown  by  experiment  to  be  proportional  to  the  square  of 
the  velocity  of  the  ball. 

Now  in  relation  to  the  remarks  at  the  Philadelphia  meeting,  it  is 
surely  not  to  the  credit  of  science,  to  be  obliged  to  have  recourse  to 
the  judgment  of  mere  practical  men,  for  the  determination  of  a 
question  so  clearly  within  its  own  province ;  and  meeting  together, 
as  we  profess  to  do,  in  search  of  truth,  I  feel  assured  that  it  will  not 
be  considered  discourteous  in  me,  if  I  take  conservative  ground,  and 
call  in  question  the  correctness  of  the  alleged  law,  and  the  propriety 
of  the  measure  of  force  from  which  it  has  been  deduced,  or  at  least 
state  what  I  conceive  to  be  objections  to  it. 

The  question,  it  is  well  known,  is  not  new.  It  was  debated  ear>. 
nestly,  and  (as  I  have  always  supposed)  settled  by  the  philosophers 
of  Europe  more  than  a  century  ago.  In  that  discussion,  those  who 
advocated  the  doctrine  that  the  force  varied  as  the  square  of  the 
velocity  appealed  to  experiments  such  as  the  following.  Spheres  of 
equal  magnitude,  but  of  different  weights,  being  let  fall  into  some 
soft  plastic  substance  (as  tallow  or  wax),  from  heights  that  were  in- 
versely as  those  weights,  made  pits  of  equal  depths  in  that  substance. 
In  this  case,  it  is  evident  that  the  product  of  the  weights  of  the  balls 
into  the  squares  of  their  respective  velocities  were  equal ;  and  89 
the  depths  of  the  pits  wer^  equal,  it  was  inferred  that  the  forces  were 
likewise  equal.  Again,  four  nmUar  elastic  springs  will  impel  a  body 
with  only  .double  the  velocity  that  a  single  one  will  do ;  nine,  with 
three  times,  etc. :  i.  e.  the  force  (represented  in  this  case  by  tha 
number  of  springs)  is  proportional  tp  the  square  of  the  velocity. 
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Now  if  force  is  to  be  estimated  by  the  amount  of  work  it  does,  it 
is  important  to  notice  that  it  may  be  employed  to  do  quite  different 
kindH  of  work ;  or  rather,  perhaps,  to  do  its  work  under  quite  dif- 
ferent conditions. 

Ist.  It  may  be  required  to  communicate  motion  to  a  body  free  to 
move ;  as  when  one  ball  strikes  another  at  rest. 

2d.  It  may  be  required  to  overcome  a  fixed  obstacle ;  ais,  for  ex- 
ample, to  break  an  inflexible  bar,  or  to  produce  a  pressure. 

3d.  It  may  be  required  to  penetrate  space,  when  opposed  by  some 
retarding  influence ;  as  when  an  arrow  is  shot  into  the  air. 

In  the  first  case,  there  is  no  question  but  that  the  *  work  done '  is 
proportional  to  the  velocity  simply,  and  not  to  its  square.  The  only 
experiment,  so  far  as  I  know,  that  would  even  seem  to  favor  the 
counter  hypothesis,  is  that  of  the  springs  mentioned  above,  and  that  in 
appearance  only ;  for  it  is  to  be  considered  that  the  force  exerted  by 
each  spring  is  diminished  in  the  same  ratio  that  the  velocity  of  the 
body  is  increased,  so  that  by  using  four  springs  instead  of  one,  and 
thus  communicating  a  double  velocity  to  the  body,  each  spring  exerts 
but  half  the  force  of  the  single  one ;  and  we  thus  have  simply  a 
double  force  and  a  double  velocity,  conformably  to  the  law. 

On  the  second  of  the  above  modes  of  applying  force,  I  do  not 
recollect  to  have  seen  the  results  of  any  direct  experiments,  where 
the  moving  body  was  a  solid,  though  I  presume  there  are  many  such 
on  record ;  for  the  experiments  would  be  very  simple,  and  eminent- 
ly practical.  It  is  easy,  however,  to  ascertain  the  law  approximately 
from  the  experiments  which  have  been  made  on  fluids.  The  table 
published  by  Mr.  Rouse  many  years  ago  in  vol.  51  of  the  Philo- 
sophical Transactions,  showing  die  relation  between  the  velocity  and 
force  of  the  wind,  is  still  considered  the  best  authority  we  have  on 
that  subject.  It  is  used  by  Rear  Admiral  Beaufort,  hydrographer  to 
the  British  Admiralty ;  and  also  by  Pro£  A.  D.  Bache,  superinten- 
dant  of  the  United  States  Coast  Survey,  in  his  reduction  of  the 
UiranI  College  observations  on  winds.  Now  in  a  fluid  current,  the 
quantity  of  matter,  or»  in  other  words,  the  number  of  particles,  which 
passes  any  section,  is  proportional  to  the  velodty ;  and  if  the  force 
of  each  particle  is  also  proportional  to  tlie  velocity,  the  aggregate 
forte  must  be  proportional  to  the  square  of  the  'velocity.  But  iC  on 
llie  other  band,  the  force  of  each  particle  is  piopaitioBal  tothesqoara 
«f  ita  TeKKaty»  die  aggregate  fotrce  must  be  as  the  cube. 

For  the  pupoae  of  eoiBp«riaon»  thai  we  nsay  aee  whidi  law  up^ 
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proaclies  most  nearly  to  the  truth,  I  have  prepared  the  following 
tahle,  in  which  the  first  column  shows  the  velocity-  of  the  wind  in 
miles  per  hour  ;  the  second,  the  pressure  in  pounds  per  square  foot ; 
the  third,  the  pressure  computed  on  the  supposition  that  the  fi>roe  of 
each  particle  varies  simply  as  the  velocity ;  and  the  laurth,  the  same 
on  the  supposition  that  l^e  force  of  each  particle  varies  as  the  square 
of  the  velocity. 


( 


Velocity  in  miles 

Preanire  as  found 

PreBsnre  computed 
on  Ist  Mippotttlon. 

PrelBiire  eomputed 
on  2d  Kippomon. 

jMV  iioar. 

by  experiment 

1 

0,005 

0,006 

0,006 

2 

0,020 

0,020 

0,040 

8 

0,044 

0,046 

0,186 

4 

0,079 

0,080 

0,82.0 

6 

0,123 

0,126 

0,626 

10 

0,492 

0,600 

6,000 

15 

1,107 

1.126 

16,876 

ao 

1,968 

2,000 

40,000 

23 

2,604 

2,646 

60,836 

26 

8,075 

8,126 

78,126 

80 

4,429 

4,600 

186,000 

35 

6,027 

6,126 

214,876 

40 

7,878 

8,000 

820,000 

46 

9,968 

10,126 

666,626 

60 

12,300 

12,600 

626,000 

60 

17,715 

18,000 

1080,000 

6« 

21,486 

21,780 

1487,480 

80 

81,490 

82,000 

2660,000 

100 

49,200 

60,000 

6000,000 

It  appears  from  this  table  that  the  force  of  each  particle  in  pro- 
dncing  pressure  is  much  more  nearly  proportional  to  the  velocity 
amply,  than  te  its  square ;  varying  but  slightly  from  the  former,  but 
greatly  from  the  latter. 

But  it  is  chiefly  in  regard  to  work  of  the  third  kind,  where  the 
moving  body  is  required  to  penetrate  space  when  opposed  by  some 
retarding  influence,  that  the  controversy  has  arisen.  With  the  ex* 
ceptiop  of  the  experiment  of  the  springs,  which  I  have  already  dis- 
posed of,  all  that  I  have  ever  seen  or  heard  quoted  to  prove  that  the 
force  varies  as  the  square  of  the  velocity  are  of  this  kind. 

Thus  in  the  old  experiment  of  the  balls  let  fall  into  a  plastic  sub- 
itance,  the  depth  of  the  pit  is  nothing  more  than  the  space  penetrated 
by  the  body  under  the  retarding  influence  exerted  by  the  substance 
into  which  it  falls ;  just  as  when  an  arrow  is  shot  into  the  air,  the 
height  to  which  it  rises  is  the  space  penetrated  under  the  retarding 
influence  of  gravitation. 
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So  also  in  the  case  ofthe  parallel  j^ates,  quoted  at  the  New-HaTen 
meeting,  the  number  of  plates  measures  the  space,  and  the  resistance 
of  each  plate  constitutes  the  retarding  influence. 

The  case  of  water  power,  as  applied  to  the  gprinding  of  grain,  was 
also  referred  to  at  the  New-Haven  meeting ;  where  it  is  evident  that 
the  number  of  revolutions  of  the  millstone  measures  the  space,  and 
the  friction  of  the  grain  between  the  stones  constitutes  the  chief 
retarding  influence. 

And  so  we  might  go  on  showing  that  all  the  experiments  resolve 
themselves  into  cases  of  retarded  motion ;  and  if  the  resistance  be 
constant,  as  it  is  approximately  in  all  such  experiments,  the  motion 
is  uniformly  retarded.  Now  it  is  one  of  the  first  truths  that  we  learn 
in  mechanics,  that  in  uniformly  retarded  motion,  the  space  is  pro- 
portional to  the  square  of  the  velocity;  so  that  if  mere  space  in  such 
circumstances,  without  reference  to  time,  be  the  proper  measure  of 
the  force  of  the  moving  body,  there  is  no  doubt  but  that  the  latter 
varies  nearly  as  the  square  of  the  velocity.  But'  there  seem  to  be  se- 
veral serious  objections  to  its  being  regarded  as  the  proper  measure. 

Ist.  It  gives  results  at  variance  with  those  obtained  by  the  two 
other  modes  I  have  mentioned,  which  are,  to  say  the  least,  quite  as 
philosophical  and  worthy  of  credit. 

2d.  It  introduces  a  new  and  very  uncertain  element,  and  one 
which,  philosophically  regarded,  seems  to  me  quite  foreign  to  the 
question,  and  to  serve  only  to  make  it  more  obscure  and  complicated, 
viz.  the  medium  or  influence  which  retards  the  mption.  If  in  dis- 
charging a  cannon  we  measure  the  expansive  force  of  the  gunpowder 
by  the  velocity  given  to  the  ball,  or  by  the  pressure  upoi^  the  sides  and 
breech  of  the  gun,  all  is  simple,  and  the  results  are  harmonious ;  but 
if  we  attempt  to  measure  it  by  the  distai^e  to  which  the  ball  is 
thrown,  we  must  take  into  account  all  the  resistances  that  it  will 
have  to  encounter  on  its  way,  which  may  be  uniform,  or  may  vary 
according  to  any  law  whatever,  or  to  no  law  at  all.  It  is  as  though 
we  should  undertake  to  measure  the  capacity  of  a  pipe  for  discharging 
fluid,  by  first  perforating  it  longitudinally  with  a  series  of  holes,  so 
as  to  produce  a  leakage,  and  then  inquiring  how  far  a  fluid,  injected 
ao  as  to  fill  one  end,  would  flow  before  it  should  all  leak  out.  If  the 
diameter  of  the  pipe  and  die  rate  of  leakage  were  constant,  this 
distance,  like  the  analogous  one  in  the  case  of  force,  would  be  pro- 
portional to  the  square  of  the  velocity  with  which  the  fluid  was  in- 
jected, whereas  the  true  measure  of  discharge  we  know  to  be  pro- 
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pordonal  to  the  velocity  simply.  Just  so  in  all  the  experimento  abore 
referred  to>  the  retarding  influence  constitutes  a  *  leakage*  as  it 
were,  of  the  force,  which  gradually  wastes  it  away  till  the  whole  is 
destroyed. 

3d.  It  would  seem  that  in  estimating  force  by  the  amount  of  work 
done,  we  ought  to  take  into  account  the  time  employed  in  doing  it. 
Thus  in  the  experiment  of  the  parallel  plates,  by  doubling  the  velo-  1 

city  of  the  ball,  we  shall  perforate  four  times  as  many  plates,  but  it 
will  require  twice  as  long  a  time  to  do  it  in,  so  that  in  reality  the 
force  should  be  considered  as  only  doubled ;  and  so  in  all  the  other 
experiments,  if  we  divide  the  space  by  the  time,  and  consider  the 
quotient  as  the  measure  of  the  force,  we  shall  find  it  to  be  propor- 
tional to  the  velocity  simply,  and  not  to  its  square.  Thus  understood, 
the  three  measures  all  harmonize ;  and  the  true  doctrine  seems  to 
be,  that  the  ahschtte  force  of  a  body  in  motion  varies  as  the  velocity 
simply ;  but  opposed  as  it  is  in  many  of  its  practical  applications  by 
friction  and  other  retarding  influences,  its  available  toorhrng  effect  in 
these  cases  varies  more  neai'ly  as  the  square  of  the  velocity. 


4.  On  the  Occurrence  of  Placid  Waters  in  the  midst  of  largr 
Areas  where  Waves  are  constantly  breaking.  By  Prof. 
^.  N.  HoRSFORD,  of  Harvard. 

Professor  Horsford  said  he  had  noticed  frequently  that  there 
were  spaces  of  some  extent  in  places  where  the  waves  broke,  which 
were  very  smooth  ;  that  though  the  swell  or  rise  and  fall  of  the  water 
was  just  as  great,  yet  there  was  no  breaking  of  the  waves,  no  white 
crest  or  comb.  He  believed  that  these  smooth  spots  were  occasioned 
by  oil  or  oleaginous  matter,  which  had  accidentally  happened  to 
be  spread  on  the  surface  at  such  places.  To  test  this,  he  had,  him- 
self when  there  was  quite  a  stifi*  breeze,  with  waves  on  the  surface 
of  the  water,  which  broke  with  considerable  of  a  comb  or  crest, 
emptied  a  vial  of  oil,  on  the  water,  from  a  boat  The  efiect  was  in- 
stantly seen.  As  far  as  the  oil  ^read,  ^e  water  was  smooth,  and  the 
waves  did  not  break ;  and  what  was  very  curious,  the  oil  spread  over 
the  surface  almost  as  rapidly  to  windward  as  it  did  to  leeward.  He 
had,  therefore,  inclined  to  the  conclusion  that  the  smooth  spaces 
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which  might  be  observed  in  the  midst  of  places  where  waves  broke, 
were  owing  to  the  presence  of  oil,  which  might  come  either  from 
decaying  fish,  or  some  other  substance  from  which  oil  exuded. 

Captain  Wilkes  confirmed  the  statement  and  observations  made 
l^  Prof.  HoRSFORD.  He  cited  an  instance  where  he  had  seen  the 
same  effects  in  a  violent  storm  off  the  Cape  of  Good  Hope,  from 
the  leakage  of  a  whale  ship.  He  stated  it  was  very  cmious  to  ob- 
serve over  what  a  great  extent  a  small  quantity  of  oil  would  produce 
the  effect  spoken  of. 

Professor  Henry  stated  that  almost  every  one  knew  the  anecdote 
of  Franklin  stilling  the  sea,  to  the  astonishment  of  the  uninitiated,  by 
stretching  his  cane  over  the  side  of  the  ship,  the  cane  having  a  smaU 
vial  of  oil  in  the  end  of  it.  The  subject  was  not  new.  It  had  been 
investigated  very  fully  some  twenty  years  ago,  by  order  of  the  Dutch 
Grovemment,  and  was  published  in  the  Annales  de  Chimie. 

The  philosophy  of  the  phenomena  was  simple,  though  not  given 
in  the  works  on  natural  philosophy.  It  is  this  :  When  oil  is  placed 
on  water,  it  has  greater  attraction  for  the  water  than  for  itself;  while 
vtrith  water  it  is  different,  for  it  has  greater  attraction  for  itself  than 
it  has  for  the  oil.  If  you  attempt  to  separate  the  two  by  a  disk  placed 
on  the. surface  of  water  which  oil  has  covered,  the  break  is  not  be- 
tween the  oil  and  water,  but  between  oil  and  oil.  He  further  stated 
that  he  had  made  some  investigations  to  find  out  the  thickness  of  the 
film  of  oil  which  spread  over  the  surface  of  water ;  and  for  that  pur- 
pose, he  had  spent  a  whole  month  in  blowing  soap  bubbles.  *  He 
thought  the  stillness  of  the  waves  was  owing  to  the  lubrication  of  their 
surface  by  the  oil. 


5.  On  the  proper  geometrical  form  of  thb  Mould-boabd  of  tub 
Plough.  By  Rev.  Charles  Hacklet,  of  Columbia  College, 
New-York. 

[  Not  received.] 
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6.  On  the  use  of  Air  as  a  medium  for  conveting  Mechanical  ^ 

Power.    By  Lieut.  £.  B.  Hunt,  U,  S.  Engineers.  C 

Mechanical  power  applied  to  machinery  plays  so  great  a  part  in 
giving  form  and  organization  to  civilized  society,  that  the  study  of 
its  sources,  modifications  and  applications  is  full  of  import  to  all  the 
material  and  spiritual  interests  of  roan.  A  large  portion  of  our  fellow* 
men  live  where  they  live,  and  do  what  ihey  do,  because  of  special 
facilities  for  wind,  water  or  steam  power  furnished  by  the  locality  of 
their  abode.  Mechanical  power  is  among  the  chief  elements  of  na- 
tional wealth,  and  is  indeed  indispensable  to  that  culdvated  leisure 
from  which  enlarged  civilization  springs.  England  owes  her  com- 
manding position,  not  less  to  the  great  natural  provision  for  mecha- 
nical power  within  her  borders,  than  to  that  vigor  of  intellect  and 
muscle  which  has  raised  myriads  of  iron  arms  to  do  her  bidding. 
Mechanical  power  then  forms,  in  civilized  communities,  a  property 
of  great  value,  subject,  like  all  other  property,  to  the  principles  of 
political  economy. 

Power,  when  cheaply  available,  creates  the  manufactures  best 
adapted  to  its  use.  Moreover  if  power  hitherto  unavailable  be  made 
cheaply  serviceable,  new  arts  and  manufactures  will  be  established 
on  spots  till  now  unfitted  for  such  a  purpose.  The  chief  purpose  of 
this  communication  is  to  bring  forward  a  mode  of  making  available 
much  power  hitherto  unserviceable,  and  of  modifying  th^  existing 
applications  of  mechanical  ptywer. 

Elastic  fluids  give  back,  in  expanding,  most  of  the  power  requisite 
for  effecting  their  compression.  If  we  expend  force  in  compressing 
air,  this  force  may  be  recovered,  and  used  at  any  desired  point  of  the 
space  occupied  by  the  condensed  air.  By  giving  to  this  space  the 
form  of  a  long  tube  or  passage  way,  the  air  may  be  condensed  at 
one  end,  and  used  in  driving  an  engine  at  the  other  end,  just  as  steam 
drives  a  stoam  engine.  Both  theory  and  experience  prove,  that  in 
such  a  case,  the  rapidity  of  flow  will  be  very  great  Power  may  thus 
be  transferred  through  this  atmospheric  medium,  from  a  point  where 
it  is  not  available,  to  one  where  it  will  fulfil  all  desired  conditions; 
The  only  losses  are  those  due  to  passive  resistances  of  machinery,  to 
cooling  of  the  air  heated  by  compression,  and  to  its  friction  on  the 
tube.  The  inertia  of  the  flowing  column  would  preserve  that  force 


) 
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expended  in  giving  the  motion,  acting  as  in  the  hydraulic  ram.  If  the 
tube  be  made  large,  and  the  distance  of  transfer  be  not  too  great,  all 
these  losses  will  be  very  small.  Steam  might  be  used  in  this  way, 
except  that  the  cooling  consequent  on  giving  great  length  to  the  in- 
duction pipe  would  be  very  great,  causing  much  loss  of  tension  or 
condensation*    > 

Again,  force  may  be  expended  in  forming  a  vacuum  in  a  tube 
leading  to  the  place  where  it  is  desired  to  apply  any  hitherto  un- 
available power.  A  sustained  vacuum  in  a  city  would  be  a  capital 
fortune.  By  its  aid,  atmospheric  pressure  might  be  made  an  exhaust- 
less  source  of  power.  A  piston,  with  the  air  on  one  side  and  a  total 
or  partial  vacuum  on  the  other,  would  act  like  that  of  a  steam  engine. 

There  are  many  places  where  water-power  runs  to  waste,  from  the 
locality  not  being  such  as  to  permit  its  direct  application.  In  some 
of  these  cases,  the  lost  power  may  be  very  advantageously  applied  to 
compressing  air,  or  forming  a  vacuum  in  a  tube  leading  to<an  engine 
or  engines  placed  where  it  is  desired  to  use  the  power.  This  locality 
can  undoubtedly  be  between  one  and  two  miles  from  the  waterfall, 
without  very  great  loss.  By  means  of  branch  tubes,  the  power  may 
be  distributed  to  various  points  within  the  circle  of  two  miles. 

There  is  one  remarkably  favorable  locality  for  applying  the  prin- 
ciples now  stated.  In  the  city  of  Hochester,  the  Genesee  river  has  a 
vertical  fall  of  about  100  feet.  A  dam  just  above  the  falls  diverts  the 
river  into  a  canal,  from  which  all  the  Rochester  mills  draw  their 
supply  of  water.  None  of  these  use  more  than  a  third  of  the  entire 
fall,  and  the  water  is  then  discharged  directly  over  a  precipice  into 
the  deep  gulph  below.  Thus  a  fall-^f  the  entire  Grenesee  through 
60  or  70  feet,  in  the  very  heart  of  the  city,  is  lost  for  mechanical 
purposes.  The  ravine  is  so  bold  and  gulph-like  in  character,  that 
mills  can  never  be  well  placed  for  using  this  waste  power  directly. 
There  is  on  the  lower  level  just  about  the  space  required  for  placing 
the  air-condensing  or  exhausting  machinery,  necessary  for  utilizing 
the  waste  power.  The  water  can  be  taken  from  the  tails  of  the  pre- 
sent mills,  led  through  tunnel  and  shaft  conduits,  and  then  applied  to 
pumps  for  condensing  or  exhausting  the  air  of  tubes  leading  up  the 
bank,  and  across  the  upper  plateau,  to  those  localities  best  adapted 
to  mills  and  machinery.  This  tube  could  perhaps  best  be  formed  by 
driving  shafts  and  tunnels,  of  about  six  feet  square  section,  into  the 
soft  shale  forming  the  bank  and  substrata,  a  construction  which  would 
be  entirely  durable ;  or  by  opening  a  trench,  a  brick  or  concrete 
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culvert  lined  with  an  air-tight  plastering  could  be  quite  cheaply 
made,  of  such  size  that  the  velocity  of  air  within  need  never  be  very 
great  If  the  trench  be  carefully  filled,  leakage  of  air  may  be  made 
insensible.  Branch  pipes  of  cast  iron  will  suffice  £br  ^stributing  the 
power  from  the  main  channels. 

In  the  power-using  establishments  drawing  from  the  common  sdr 
or  vacuum  reservoir,  the  machinery  required  will  be  identical  with 
that  of  the  steam  engine,  from  the  induction  pipe  onwards,  almost 
without  modification.  An  examination  of  the  steam-generating  and 
steam-using  portions  of  the  steam  engine  will  show  that  the  con- 
necting induction  pipe  exactly  fills  the  place  of  the  proposed  power 
mains.  The  small  size  of  this  pipe  in  common  engines  shows  that 
great  powers  may  be  passed  through  narrow  tubes  for  some  distance, 
with  but  slight  loss.  Indeed  steam  could  be  sent  through  tubes  a 
mile  long  without  much  loss  of  tension,  except  for  its  high  heat  and 
liability  to  condensation ;  a  difficulty  not  existing  in  the  case  of  air. 

The  machinery  best  fitted  for  using  the  water  power  in  this  project 
would  seem  to  be  the  water  pressure  engine.  Two  cylinders  of  equal 
length,  placed  horizontally  end  to  end,  would  serve,  one  for  the 
water,  and  the  other  for  the  air  cylinder.  Two  pistons,  one  in  each, 
and  both  on  a  common  rod,  would  receive  and  use  the  pressures  due 
to  the  head  and  expenditure  of  water.  To  this  rod  a  fly  wheel  should 
be  attached.  The  number  of  these  engrines  would  depend  on  the 
amount  of  water  used. 

It  will  be  seen  on  examination  of  this  project,  that  the  entire  water 
power  of  the  Genesee,  swelled,  as  it  soon  will  be,  by  the  surplus 
waters  of  the  enlarged  £!rie  canal,  may  be  utilized  and  distributed 
through  the  city  of  Rochester,  by  constructions,  no  portion  of  which 
is  untried,  and  no  feature  of  which  is  particularly  expensive.  The 
good  qualities  of  steam  power  can  be  secured,  without  expense  for 
fuel,  and  with  but  slight  cost  for  maintenance.  The  parts  proposed 
may  be  made  very  durable,  qnd  wear  of  machinery  reduced  to  a 
trifle.  The  consequences  of  increasing  threefold  the  mechanical 
power  of  that  fine  city  may  be  in  part  foreseen.  The  boundless 
agricultural  resources  of  the  famed  Genesee  valley  will  call  into 
active  requisition  all  the  manufacturing  capacities  thus  created. 
When  the  condition  of  the  country  permits  manufactures  again  to 
prosper,  Rochester  will  be  able  to  start  in  this  career  with  eminent 
advantages. 
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After  having  matured  these  iaeaa,  I  found  that  Papin,  the  ingenious 
inventor  of  the  digester,  &c.,  had  conceived  the  same  plan,  and  made 
some  unsuccessful  experiments  in  its  application.  He  found  the  effect 
much  less  than  he  had  expected.  Though  I  have  not  met  with  any 
accurate  account  of  his  trials,  I  am  convinced  that  he  made  his  tubes 
too  small,  and  neglected  the  friction  of  the  air  against  their  sides. 
Weisbach  gives  the  expression  for  the  resistance  offered  by  friction 
to  the  flow  of  air  in  tubes, 

in  which  ^  is  the  height  of  a  column  of  air  equal  to  the  leeistance ; 
0,024,  a  constant  derived  from  numerous  experiments ;  /,  the  length 
of  the  tube  ,•  d,  its  diameter ;  »,  the  velocity  of  flow ;  and  g,  the 
force  of  gravity.  Now  as  for  a  given  discharge  the  velocity  is  in- 

versely  as  the  section,  or  as  -,  it  follows  that  h^  varies  as  -  •  which 

or  ^' 

shows  how  rapidly  die  friction  may  be  diminished  by  increasing  the 
diameter  or  section. 

But  the  atmospheric  railways  have  clearly  shown  the  possibility  of 
rapidly  forming  a  vacuum  at  the  distance  of  near  two  miles,  vrithout 
delay  or  loss  of  power.  No  sensible  difference  could  be  observed  in 
simultaneous  readings  of  two  barometer  gages  at  the  ends  of  a  nine- 
inch  pipe,  ^  mile  long,  at  Wormholt  Scrubs  in  England,  when  a 
vacuum  of  18  inches  was  formed  in  one  minute.  On  the  Kingston 
and  Dalkey  road.  If  miles  long,  the  pipe  of  15  in.  internal  diameter 
was  exhausted  by  the  vacuum  pump  at  Dalkey  so  rapidly  th|it  a 
vacuum  was  formed  in  the  entire  length  from  Kingston  to  Dalkey, 
equal  to  a  column  of  mercury  of  10  in.  (^  atmosphere)  in  0'  56'' ; 
..         ..         .-  of  15  in.  (i        "  )inl'5l"; 

of  20  in.  (I        "  )  in  3'  30". 

After  such  results,  it  is  unreasonable  to  suppose  that  any  difficulty 
would  be  encountered  in  extending  a  vacuum  or  pressure  through 
the  proposed  culverts,  any  distance  within  two  miles  from  the  pump. 
This,  at  least,  is  proved  by  these  railways,  unfortunately  as  they 
turned  out  for  the  stockholders.  City  gas  distribution  proves  too  that 
compressed  gas  may  be  distributed  to  great  distances  through  narrow 
tubes. 
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The  case  of  Rochester  well  represents  one  class  of  the  applications 
which  may  be  made  of  compressed  air,  in  conveying  waste  power 
to  points  where  it  can  be  used.  A  rivulet  from  the  mighty  Niagara 
could  thus  be  made  to  animate  a  city  almost  beyond  its  roar,  if  we 
can  tolerate  the  thought  of  the  Ring  of  Wonders  becoming  a  Pegasus 
m  harness. 

One  other  application  I  will  mention.  In  cities,  it  will  permit  the 
manufacture  of  power  to  be  centralized  in  single  power-making 
establishments ;  while  by  means  of  exhaustion  or  compression  pipes* 
it  can  be  distributed  to  large  neighborhoods.  All  the  steam-generating 
portions  of  steam  engines  may  be  replaced  by  centra]  power  facto- 
ries, conducted  on  strictly  economic  principles.  Thus  the  space,  at- 
tendance, risk,  and  disagreeables  of  steam  generating  will  be  saved 
to  stores  and  small  manufacturing  establishments  ;  while  all  required 
power  would  be  purchased  from  the  power  manufacturers,  and  dis- 
tributed through  the  air  mains  just  as  in  gas  or  water  distribution* 
There  would  be  a  great  economy  in  the  balancing  among  many 
power  consumers.  The  principles  here  are  the  same  as  in  gas  ma- 
nufacture and  distribution.  It  would  be  absurd  for  every  body  to 
make  his  own  gas.  The  economy  of  power  manufacture  is  scarcely 
less  violated  by  each  one  making  his  own  power.  By  using  a  common 
Bjstem  of  compression  or  vacuum  tubes,  this  economy  could  best  be 
consulted.  Besides,  power  would  then  be  used  for  hundreds  of  pur- 
poses where  now  it  is  prohibited  by  the  necessity  of  boilers  and 
engineers,  the  lack  of  room  for  their  accommodation,  and  the  risk 
incident  to  their  use.  It  would  be  applied  largely  to  lifting  in  stores 
and  warehouses,  making  their  upper  stories  almost  as  valuable  as 
the  lower.  The  machinery  for  thus  applying  it'  may  be  quite  simple, 
and  easily  managed  by  an  intelligent  workman.  The  history  of  gas 
lighting  atfd  water  supply  may  be  re-enacted  in  that  of  power  dis- 
tribution. The  simple  principle  in  all  this  may  be  thus  stated :  Power 
is  property,  which  may  be  manufactured  and  distributed  to  con- 
nimers  at  much  lower  rates  than  consumers  can  manufacture  it  for 
themselves. 
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7.  On  the  Permeabilitt  of  Metals  to  Mekcurt.  By  Professor 

E.  N.  HoRSFORj),  of  HanrarcL 

Daniel  observed  that  bars  of  lead,  tin,  zinc,  gold,  and  sOver, 
became  penetrated  by  mercury,  when  partially  or  wholly  immersed 
in  it.  He  noticed  that  mercury  combined  to  ferm  a  crystallized 
amalgam  with  each  of  the  first  four  metals,  and,  by  the  aid  of  beat, 
also  with  silver*. 

Henry  modified  the  experiment  of  Daniel  with  lead ;  giving  to 
the  bar  the  form  of  a  syphon,  one  end  only  of  which  was  immersed 
in  the  mercury.  He  discovered  the  remarkable  fact  that  the  mercury 
may  not  only  be  carried  through  the  bar  in  this  form,  but  that  it  will 
drop  from  the  longer  section  of  the  bar ;  thus  exhibiting  the  syphon 
experiment,  employing  a  solid  bar  for  the  tube,  and  mercury  for  the 
liquidt. 

I  have  repeated  the  experiments  of  Daniel  and  Henry,  and  have 
modified  them  in  a  variety  of  ways,  to  meet  the  inquiries  suggested 
in  the  investigation  of  these  phenomena ; ,  and  I  propose  to  give,  in 
the  following  paper,  the  results  at  which  I  have  arrived. 


Experiments  with  Lead. 

The  bars  employed  by  me,  with  a  few  exceptions  for  specified 
purposes,  were  cast  in  paper  moulds  surrounded  by  sand ;  of  a  dia- 


*  llid  production  of  amalgams  by  eiectrolyrifi  is  well  known  (TransL  Roy.  Insi 
vol.  1).  Bottger  prepared  amalgams  of  barium,  manganese,  cobalt,  nickel,  zin^ 
silver,  lead,  copper  and  cadmium,  by  pouring  salts  of  these  metals  upon  sodium 
amalgam.  Elauer  observed  the  formation  of  calcium  and  magnesium  amalgam, 
upon  pouring  salts  of  these  metals  upon  potassium  amalgam.  WoUaston,  Beneliu^ 
Davy,  Bergmann,  Damour,  Dobereiner,  Serullas  and  Tennant  have  made  various 
researches  in  this  field. 

f  Pogg.  lil  187.  NoTK.  I  met  with  the  first  exhibition  of  the  experiment  of 
Prof.  Hkn&t  in  the  laboratory  of  Prol  Tkn  Etck  of  Albany. 
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meter  yazying  but  slightly  firom  0»006"",  and  of  variable  lengths  to 
suit  the  objects  of  experiment. 

The  following  inquiries  were  submitted  to  experiment : 

I.  Has  the  hoTf  unrated  with  mercury ^  increoitd  specific  gravity  1 

Bars  of  lead,  after  standing  in  a  cup  of  mercury  until  they  had 
become  saturated  with  the  latter  metal,  were  taken  out  and  carefully 
scraped  to  remove  the  surface  coat,  and  the  specific  gravity  ascer- 
tained in  the  usual  manner. 

The  following  determinations  were  made  : 

^pedSe  grmvity  of  letd.  Spedflc  gnyi^  of  lead  ailuntod  with  meromy. 

11,431  )  11,4091 

11,416  J 


11,414  average. 


I 


11,428 

11,406}- Cast  ban. 

11,887 


11,421  average. 


11,406  average.  11,464  Cast  bar. 

They  seem  to  indicate  increased  specific  gravity. 

The  irregularity  of  these  results  led  to  an  experiment  to  ascertain 
if  there  might  be  cavities  in  the  bar.  The  specific  gravity  of  mercury 
being  greater  than  that  of  lead,  as  13,575  (Fahrenheit)  is  to  11,448 
(Berzelius),  a  bar  containing  cavities  would  have,  when  saturated 
with  mercury,  a  higher  specific  gravity  than  a  bar  without  cavities 
similarly  saturated. 

The  following  are  the  weights  before  and  after  being  penetrated 
with  mercury  : 

Graminet  of  lead,  InoNMed  to  Inerwe. 

I.     4,6842  4,6780  gr.  0,0888  gr. 

XL     4»8403  4^9190  "  0,0787  " 

m,     6,2061  6^8168  "  0,1102  " 

The  result  was  unsatisfactory  :  nearly  equal  weights  of  lead  had 
absorbed  weights  of  mercury  differing  from  each  other  by  a  hundred 
per  cent. 

Upon  examining  the  bars  where  in  contact  with  the  mercury,  they 
were  corroded,  and  lead  was  found  dissolved  in  the  mercury.  More 
lead  might  have  dissolved  from  one  bar  than  the  other. 

Another  experiment,  made  to  determine  the  expansion  of  a  bar  of 
lead  by  the  absorption  of  mercury,  to  which  reference  will  be  made 
below,  confirms  the  opinion  of  higher  specific  gravity  of  the  amalgam. 

4 
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II.   What  is  the  vdooUy  of  troMstmstian  of  mercuri/ ihnmgh^l^^ 

It  was  observed  by  Prof.  Hexirj,  that  the  progreps  of  mercury  in 
the  lead  was  more  rapid  in  cast  than  in  hammered  lead.  Upon  noting 
the  progress  from  day  to  day,  most  unexpected  results  have  presented 
themsdves.  In  a  vertical  bar,  with  the  mercury  at  the  bottom,  the 
progress  is  at  first  rapid  :  it  diminishes  in  velocity,  however,  fitun 
day  to  day,  until,  after  several  months,  having  reached  the  height  of 
between  six  and  seven  inches,  it  is  not  one-thousandth  as  rapid  as  at 
the  outset. 

A  hollow  bar  of  lead,  of  ^  inch  calibre,  was  erected  in  a  cup  of 

mercury  :  the  latter  metal  rose  in  six  hours 0,062  mm. 

in  eighteen  hours  more,  0,008 

in  twelve  days  more  • .  0,028 

in  eight     do      do     . .  0,008 

in  eleven  do      do     . .  0,010     ** 

in  112        do      do     ..  0,014 

in    53        do      do     ..  0,007 

in    53        do      do     ..  0,006 


M 


tt 


U 
U 
Cf 


Total  in  260  dc^s 0,143  mm.* 

In  two  cast  bars,  it  rose  somewhat  more  rapidly,  and  to  a  total 
greater  height.  In  one  (a)  the  velocities  were  as  follows  : 

In  24  hours 0,085  mm. 

in  24  hours  more 0,010 

in  16  days  more 0,002 

do     0,054 

do     0,021 

do     0,006 

do     0,012 


in  90 

do 

in  63 

do 

in  53 

do 

in  53 

do 

Total  in  287  days 0,189  mm. 

*  The  mercury  rose,  in  a  Becond  similar  hollow  bar, 

in  24  hourSk  0^0*76 

in    6  days  more,      0^046 
in  20    "      "  0,014 

in  68     "      "  0,011 


Total  in  80  daya^  0,145 

The  bar  had  previonsly  been  saturated  with  mercury,  but  had  apparently  lost 
most  of  it  by  evaporation. 
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In  tbe  other  (b),  which  wa3  composed  of  short  pieces  Aised  to-  ^^ 

gether,  the  mercury  rose  in  169  days 0,224  mm. 

in    47  days  more  ....  0,011   " 
in    53    do    do     0,015   *• 


Total  in  269  days 0,250  mm. 

Placing  these  results  side  by  side,  we  have  the  ascent  of  mercury  in 
24  hours,  in  drawn  lead,  0,070  mm. 
in  cast  lead,      0,085   '< 

The  total  height  to  which  the  mercury  rose  during  the  time  of 
experiment,  in  drawn  lead,     =  0,143  mm. 
in  cast  lead  (a),  =  0,189   " 
in  cast  lead  {b),  =  0,250   " 

The  last  result  confirms  a  further  remark  of  Prof.  Henry,  that  the 
mercury  follows  the  seams  of  a  cast  bar,  rather  than  the  more  ho- 
mogeneous portions.  It  is  obviously  a  case  of  capillary  attraction, 
the  mercury  ascending  between  the  walls  of  narrow  fissures. 

III.  Does  gravity  influence  the  transmission  of  mercury  7 

Mercury  was  presented  at  the  top  of  a  bar  0,80"  in  length.  Its 
descent  was  astonishingly  rapid  :  in  two  hours  it  had  penetrated 
360"".  The  first  quantity  haying  all  passed  into  the  bar,  it  ceased  to 
flow.  Upon  the  addition  of  another  portion,  the  flow  was  resumed. 
In  less  than  two  days,  the  mercury  dropped  from  the  bottom. 

A  syphon-shaped  bar  with  the  shorter  leg  out  of  the  mercury, 
tnough  it  became  saturated,  discharged  no  mercury. 

Gravitation  evidently  facilitates  the  transmission  of  the  mercury 
when  flowing  from  above  downward.  It  of  course  opposes  its  flow 
from  below  upward. 

IV.  Does  the  mercury  which  parses  through  the  bar  of  lead  contain 
the  iaUer  metal  in  solution  ? 

The  drop  presents  a  film  upon  its  surface,  which,  as  in  a  sack  of 
very  considerable  tenacity,  encases  the  purer  metal.  Upon  volatiliz- 
ing the  mercury  at  a  low  heat,  under  a  mass  of  cyanide  of  potassium, 
carbonate  of  soda  and  sand,  there  remained  a  button  of  lead. 


f 
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y.  Is  the  had  contained  in  the  drop  derived  from  the  end  of  the 
longer  leg  of  the  syphon,  or  from  the  interior  of  the  bar  as  well  om 
the  end? 

In  the  latter  case  the  interatomic  spaces  would  be  increased ;  and 
the  mercury,  under  the  influence  of  capillary  attraction  and  gravita- 
tion, might  be  expected  to  flow  faster.  To  ascertain  if  this  might  be» 
a  syphon  bar  was  arranged  of  diameter  0,06'°'°,  total  length  one  de- 
cimetre. The  amalgam  dropped  into  a  weighed  porcelain  cup,  and 
was  determined  at  intervals  of  ten  days,  and  finally  afler  a  lapse  of 
but  lour,  emptying  the  cup  after  each  weighing.  The  quantities  that 
flowed  through  in  the  periods  of  ten  days  were  : 


Onunmea. 

OnnuBM. 

1st  ten  days 

. .     5.4169 

6th 

ten  days  . . 

18,9119 

2d 

- .     5,7906 

7th 

« 

24,6699 

3d 

. .     8,6281 

8th 

« 

29.5954 

4th       " 

..   11,4976 

9th 

u 

34,6036 

5th        " 

..   15,4280 

10th 

u 

40,0357 

■ 

Poui 

r  days  more  gave  . . 

17,3920 

equQ 

l1  for  ten 

days  to    . . 

43,4806 

Total  in  104  days. .  210,9697 

It  will  be  observed  that  the  quantity  flowing  through  in  the  last  four 
days  of  experiment  is  not  as  great  a  proportional  increase  as  that  of 
the  preceding  ten  days. 

A  second  experiment  was  made  with  another  bar,  employiug  the 
same  mercury,  now  more  or  less  saturated  with  lead.  The  length  of 
the  bar  was  0,070*°",  and  the  diameter  0,006*°",  The  first  two  weigh- 
ings were  at  intervals  of  ten  days ;  the  remaining  weighings,  once 
in  five  days.  There  dropped  in  the 


Grammes. 

1st  &  2d  five  days  . .  48,2735 

3d  &  4th  five  days. .  66,5655 

5th  five  days    31,6409 

6th         "         29,7585 

7th        "         31,3590 

8th        "          30,1640 


Onnme^ 
9rh  five  days 35,3460 


10th 
11th 
12th 
13th 
14th 


« 


tt 


ti 


t* 


tt 


39,9694 
36,0043 
31,2365 
31,5286 
31,9990 


Total  in  70  days 443,8452 
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The  first  Buite  of  experiments  led  to  the  conclusion,  that  the  in-  ^ 

creased  flow  of  mercury  in  a  given  time  was  due  to  the  increased  w 

porosity  of  the  lead — ^to  increased  capillary  attraction. 

The  second  suite  of  experiments  did  not  sustain  this  conclusion. 
In  the  first  place,  contrary  to  expectation,  a  new  har  transmitted  more 
mercury  than  the  bar  conceived  to  have  become  highly  porous  by 
use ;  and  in  the  second  place^  the  quantity  transmitted  in  a  given 
time  soon  attained  a  maximum,  from  which  it  varied  but  little  to  the 
close  of  experiment. 

The  5th,  6th,  7th,  6th,  12th,  13th  and  14th  weighings  gave  quan- 
tities varying  but  little  from  each  other.  The  9th  exceeded  any  of 
the  preceding  determinations  so  much,  that  I  was  led  to  a  careful 
inspection  of  the  circumstances  attending  the  experiment. 

I  fisund  the  bar  more  deeply  immersed  in  the  mercury.  Its  posi- 
tion was  maintained  for  the  two  succeeding  experiments,  and  then 
changed  to  that  occupied  at  first.  These  weighings  led  to  the  opinion 
that  die  cause  of  the  discrepancy  was  the  unequal  absorbing  surface 
to  which  the  mercury  had  been  exposed.  More  mercury  had  passed 
into  and  through  the  bar  in  one  case  than  the  other. 

This  explanation  was  confirmed  by  an  especial  experiment  to 
tscertain, 

VI.  What  is  the  injluemce  of  the  exteiU  of  abtorhing  surface  e3> 
posed  to  the  mercury  ? 

Two  bars  of  equal  length  and  diameter  were  taken.  They  were 
bent  into  syphons,  and  the  shorter  leg  dipped  in  a  solution  of  gutta 
percha  in  chloroform — a  sort  of  collodion,  which  incrusted  them 
with  an  impermeable  envelope.  After  drying,  the  gutta  percha  cuti- 
cle was  scraped  from  the  end  of  one  bar,  and  from  the  end  and 
a  nearly  equal  portion  of  the  side  of  the  other.  The  shorter  legs  of 
both  were  placed  in  the  same  cup  of  mercury,  and  the  large  legs  in 
other  weighed  cups. 

Two  drops  fell  from  the  bar  having  the  larger  surface,  before  any 
fell  from  the  other.  After  nine  days,  the  quantities  were  weighed. 
Through  the  bar  having  the  greater  absorbing  surface  there  had 

flowed    3,8902  grammes ; 

and  through  that  having  less,  2,1265    '* 

It  might  be  supposed  that  the  syphon  action  would  be  limited  by 
the  height  to  which  the  mercury  rises  in  a  vertical  bar.  An  experi- 
ment was  made  to  ascertain« 
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VII.  WlietJier  the  ascent  of  mercury  he  influenced  hy  the  vertical 
elevation  of  the  summit  of  the  syphon  above  the  mercury ^  or  the  length 
of  bar  between  the  mercury  and  summit  ? 

A  bar  was  saturated  with  mercury,  and  then  bent  into  the  form  of 
a  syphon;  the  shorter  leg  being  0,150"°,  the  larger  0,800™"  in 
length.  At  the  end  of  thirty-four  days,  there  had  appeared  no  drop. 
At  this  period  the  shorter  leg  was  inclined  at  an  angle  of  15^  to  the 
horizon.  In  129  days  no  amalgam  had  dropped  from  the  longer  leg. 
As  the  bar  was  saturated  with  mercury,  the  height  to  which  the  lat- 
ter metal  rose  in  the  syphon  could  not  be  ascertained.  It  is  evident 
nevertheless  from  this  experiment  and  those  made  under  inquizy  ii, 
that  the  progress  of  die  mercury  is  so  slow  after  having  penetrated 
some  0,150  to  0,200°"  of  mere  length,  that  length  influences  more 
than  vertical  height. 

From  the  results  of  the  first  and  second  series  of  experiments^ 
arose  naturally  the  inquiry, 

VIII.  Does  Tnercury  saturated  toith  lead  fiow  through  leaden  bars  f 

The  following  experiments  were  made  : 

1.  Two  syphon  bars  were  placed  in  mercury  that  had  once  run 
through  lead  :  in  three  days,  drops  fell  from  both. 

2.  Mercury,  in  which  lead  had  been  standing  for  months,  and 
which  was  viscid  from  the  presence  of  crystallized  amalgam,  was 
taken,  and  two  bar  syphons,  one  saturated  with  mercury  and  the 
other  pure,  were  placed  in  it.  In  due  time  the  amalgam  fell  from 
both. 

3.  Three  syphons  of  nearly  equal  length  were  placed  in  a  cap  of 
mercury.  In  due  time  the  amalgam  dropped  from  all.  In  a  few  days 
the  cup  was  emptied.  As  it  ran  through,  it  was  received  into  a  second 
cup,  fh)m  which,  when  the  first  was  emptied,  it  was  poured  back»  to 
run  through  a  second  time,  and  a  third,  and  so  on. 

The  amalgam  thus  ran  through  some  twelve  or  more  times.  It 
was  saturated  when  it  first  came  through,  for  it  had  every  facility 
for  acquiring  the  largest  measure  of  lead  it  could  hold.  In  this  con- 
dition it  ran  repeatedly  through  the  bars. 

The  quantity  of  liquid  amalgam  diminished;  and  there  ^ccamula- 
ted  in  the  cup,  at  each  end  of  the  bar,  crystallized  amalgam.  (The 
excess  of  mercury  had  evidently  evaporated.) 
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Bars  brittle  when  first  withdrawn  from  tbe  mercvaj,  in  time  re- 
covered their  tenacity,  and  apparently  with  the  loss  of  mercury  by 
eraporation.  This  led  to  analyses  in  answer  to  thQ  inquiry, 

IX.  What  it  ^  constUutifm  of  the  bar  tatwrated  toith  mercury ^ 
when  in  contact  with  the  mercury  ^  and  also  qfier  long  exposure  to  the 
atmoephere? 

An  analysis  of  the  satnrated  bar,  the  lead  determined  as  sulphate, 
and  the  mercury  as  sulphide*,  gaye  : 

I.  Of  lead 96,32  per  cent. 

of  mercury 3,63 

99,95 
Another  analysis  of  the  same  gave 

II.  Of  lead 96,39  per  cent. 

leaving  of  mercury  . .     3,62 

100,01 

An  analysis  of  the  bar  after  seven  months  exposure  to  the  atmo- 
sphere, gave 

I.  Of  mercury 0,83  per  cent. 

leaving  lead 99,17 

100,00 
Another  analysis  gave 

n.  Of  mercury 0,88  per  cent. 

of  lead   99,22 

100,00 


*  An  aaalysiB  of  the  satarAted  bar,  by  fusing  under  a  mixture  of  carbonate  of 
■oda,  cyanide  of  potassiiun,  and  sand,  gave  of 

Lead    -    -    -    96,68 
Meronry  -    -      8,47 

100,00 
Another  gave  of 

Lead    -    •    -    94,26 

Mercury   -    -      6,76 

100,00 

It  wi0  obviouB  that  if  the  loes  by  vaporisation  in  one  ease  embraced  all  the 
mereiiry,  it  included  some  of  the  lead  in  the  eecond. 


f 
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The  mercury  wbs  determined  by  treating  the  bar  with  diluted 
nitric  acid,  and  stopping  the  action  as  soon  as  the  mass  assumed  a 
globular  form.  By  this  process,  the  lead,  being  a  more  highly  electro- 
positive body,  was  first  dissolved ;  and  there  remained  of  the  solid 
metal  only  so  much  as  belongs  to  the  liquid  amalgam,  which  was 
found  not  to  exceed  two  per  cent. 

The  lead  in  the  second  analysis  was  determined  as  sulphate. 

The  drawn  bar,  which,  when  removed  from  the  mercury,  was  so 
brittle  as  to  be  readily  broken  by  an  ef&yrt  suddenly  to  bend  it,  after 
the  partial  loss  of  the  mercury  by  volatilization  as  already  remarked, 
recovered  nearly,  if  not  altogether,  its  original  texture  and  toughness. 

A  cast  bar,  the  surface  of  which  was  not  scraped,  after  a  little 
time,  lost  no  more  of  its  mercury,  as  the  following  weighings  show : 


Weight 

4,0476  gr. 

Difference. 

20  days  later, 

8,9971  " 

— 0,0605  gr. 

10    "      " 

8,9976  •* 

+0,0004  " 

10    "      " 

8,9978  " 

+0,0003  " 

At  first  the  mercury  on  the  outside  and  ends  was  at  the  surface 
volatilized.  The  crystalline  amalgam  prevented,  thereafter,  the  es- 
cape of  the  mercury. 

X.  What  is  the  constittUum  of  the  amalgam  tohich  JUnos  thratigh 
the  barf 

A  determination  by  precipitation  of  the  sulphate  of  lead  from  the 
nitric  acid  solution,  gave,  in  2,7348  gr.  of  amalgam, 

0,1008  gr.  of  sulphate  of  lead, 
=  2,52  per  cent  of  lead  ; 
leaving  97,48  per  cent  of  mercury*. 

An  analysis  of  the  solid  crystalline  amalgam  which  formed  about 
the  bar  where  in  contact  with  mercury,  gave 


*  By  heating  a  portion  of  the  liquid  amalgam  under  carbonate  of  Boda,  cyanide 
of  potassium,  and  sand,  there  was  obtained, 

Lead 1,98 

Leaving  mercury  .  98,02 

100,00 

This  determination  is  liable  to  the  criticism  already  made  upon  thk  mode  of 
analysis  It  has  value  as  a  qualitative  result 
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Of  lead 36,03  per  ceat. 

of  mercury 63,97 

100,00 

XI.  What  change  toiU  the  saturated  bar  experience^  long  in  contact 
toith  mercury? 

A  straight  bar  0,040""  long,  placed  erect  in  mercury,  was  soon 
saturated  tbrougbout.  No  sensible  change  in  its  texture  took  place, 
till,  at  the  end  of  194  days,  the  portion  just  below  the  summit  began 
to  enlarge  and  crack  open,  displaying,  at  the  end  of  a  few  days, 
crystallized  angles  and  surfaces  in  the  interior.  The  crystallization 
continued  for  ninety  days,  when  the  observations  were  terminated. 

All  the  vertical  bars  that  from  the  commencement  of  experiment 
had  remained  standing  in  the  mercury  nearly  equal  periods,  cracked 
open  more  or  less  throughout  their  entire  length. 

The  syphons  employed  in  experiments  under  inquiry  (v),  after 
haying  been  withdrawn  from  the  mercury  forty-four  days,  on  being 
returned,  did  not  promptly  permit  the  quicksilver  to  flow  through ; 
but  after  forty-one  days,  began  to  crack  :  twenty-six  days  later,  the 
mercury  resumed  its  flow. 

The  velocity  of  transmission  was  greatly  diminished.  In  sixty 
days  there  fell  only  11,4604  grammes.  The  texture  of  the  bar,  and 
the  play  of  affinities  had  both  changed. 

XIL  Does  the  bar  expand  at  once  upon  becoming  saturated  toith 
mercury? 

A  piece  of  ^inch  lead  tube  was  split  open,  flattened  and  scraped 
bright,  and  its  length  having  been  accurately  ascertained  (0,198""), 
mercury  was  spread  over  its  entire  upper  surface,  care  being  taken 
to  avoid  the  points  where  admeasurement  had  been  made,  and  where 
expansion,  if  it  occurred,  was  to  be  observed. 

When  the  mercury  had  penetrated  to  the  lower  surface  of  the 
bar,  admeasurement  was  again  made. 

The  bar  had  not  perceptibly  increased  in  length,  nor  did  it  in  the 
first  ten  days  af^er  the  saturation  with  the  mercury. 

Experiments  with  Tin. 

The  fact  that  tin  is  permeable  to  mercury,  was  noticed  by  Daniell. 
The  following  inquiries  were  submitted  to  experiment : 


« 
ti 
tt 
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I.  Is  the  tpecyk  gravity  increased,  hy  being  saturated  toith  mercury  t 

The  experiment  was  made  with  tin  before  it  began  to  crystallize, 
and  after  the  crystallization  had  apparently  come  to  an  end. 

Specific  gravity  of  pure  tin  employed  in  the  experiment,  7,29 

of  tin  saturated  with  mercury 7,50 

of  tin  and  mercury  (crystallized  amalgam),  8,00 

II.  What  it  the  velocity  of  transmission  of  mercury  through  tin  t 

The  bars  used  in  the  following  experiments  were  ca5t  in  paper 
moulds,  suiTounded  by  dry  sand. 

A  bar  0,006'""*  in  diameter  was  placed  in  mercury  haying  0,185"" 
above  the  sur&ce  of  the  liquid  metal. 

The  mercury  ascended  as  follows  : 

In  the  1st  day 0,010  mm. 

2d  day 0,010 

3d  day 0,010 

4th  and  5th  days  . . .  0,022 

6th  day   0,013 

7th  day    0,013   " 

8th  day   0,013   " 

At  the  end  of  six  days  the  bar  began  to  crack  open  at  the  bottom. 

In  fifteen  days  the  mercury  reached  the  top  of  the  bar,  0,185""; 
making  for  the  last  seven  days  a  velocity  of  0,013|^""  per  day. 

The  movement  of  the  mercury  in  tin  differs  greatly  from  that  of 
lead  :  in  the  latter,  the  progress  is  by  a  sort  of  inverse  geometrical 
ratio ;  in  the  former,  it  is  remarkably  uniform. 

A  second  bar  was  fitted  to  the  top  of  the  first,  and  secured  in  a 
tube  by  means  of  corks,  so  as  to  preserve  the  contact.  The  mercury 
continued  to  rise  through  several  days,  and  attained  a  total  increased 
elevation  of  0,217"".  Before  the  mercury  had  entirely  ceased  to  as- 
cend, the  bar  below  opened  into  numerous  fissures,  and  the  entire 
column  of  amalgam  became  eminently  brittle. 

Crystallization  arrests  the  play  of  affinities  upon  which  the  ascent 
of  the  mercury  depends. 

III.  Does  tin  permit  the  syphon  action  t 

A  bar  of  0,006""  diameter,  0,185""  total  length,  was  bent  into 
syphon  form,  and  the  shorter  division  placed  in  mercury.  In  fifteen 
days  the  mercury  dropped  from  the  bar  ;  in  two  days  mare,  the  bar 
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broke  of  its  own  weight.  The  biittleness  of  the  saturated  tin  bar, 
taken  in  connection  with  the  more  rapid  crystallization,  made  it  im- 
possible to  perform  the  serial  experiments  undertaken  with  lead. 

IV.  Does  mercury  J  saturcUed  toith  lead,  flow  through  tin  bars  ? 

A  syphon  of  0,170™°  total  length,  was  placed  in  a  cup  containing 
mercury  that  had  run  through  lead.  In  due  time  the  liquid  issued 
from  the  longer  leg  of  the  syphon.  Upon  analysis,  the  liquid  wad 
found  to  consist  of  only  tin  and  mercury ;  the  lead  had  been  left 
behind.  In  the  bottom  of  the  cup  was  found  a  crystallized  amalgam 
of  tin  and  lead. 

y.  What  is  the  constitution  of  the  solid  crystallized  amalgam  — 
the  har  of  tin  saturated  with  mercury  ? 

Several  determinations  were  made  of  both  mercury  and  tin ;  the 
former  as  sulphide,  the  latter  as  stannic  acid.  The  mercury  determi- 
nations were  uniformly  too  high,  from  the  unavoidable  presence  of 
free  sulphur.    The  tin  analyses  follow  : 

Tin. 
100  parts  of  amalgam  g^ve    82,9  per  cent. 

82,3       " 
82,4 


II 


II 


it 


II 


II 


82,1 
82,4 
82,9 
82,5 

677,5 


Average 82,5  per  cent. 

Leaving  of  mercury,     17,5       " 

These  results  give  very  accurately  the  constitution  (Hg  Sn,),  as  the 
'  following  numbers  show  : 

Hg       100,00         11,61         17,50 
Sn,        471,84  86,49  82,60 

671,84        100,00        100,00 

The  amalgam  that  flowed  through  gave 

Tin 1,55  per  cent. 

Leaving  mercury.  98,45      ** 


100,00 
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The  amalgam  that  flowed  through,  leaving  the  lead  behind,  gave 

Tin 1,73  per  cent. 

Mercury 98,27       " 

100,00 

VI.  The  bar  of  tin,  as  it  becomes  saturated  toith  mercury ,  hegms, 
as  remarked  above,  to  crystallize. 

If  at  an  early  stage  in  this  crystallization  the  bar  is  bent,  the  out- 
side cracks  off,  revealing  a  pith  as  distinct  as  if  it  had  been  at  first 
cast,  and  then  a  sheath  cast  around  it. 

If  the  crystallization  be  permitted  to  go  on,  the  fissures  penetrate 
to  the  centre  of  the  bar.  Daniell  observed  that  a  square  bar  split 
into  triangular  prisms,  the  separating  fissures  fi)llowing  diagonal 
planes.  If  the  top  and  bottom  of  the  bar  were  rightangled  terminal 
planes,  the  crystallization  freed  a  pyramid  at  either  extreme. 

The  bar  being  irregularly  cylindrical,  the  fissures  were  formed  as 
in  the  case  of  the  prism  ^  along  the  lines  of  least  resistance. 

VII.  Does  the  mercury  volatilize  from  the  saturated  tin  bar  ? 

An  afiirmative  reply  might  piBrhaps  have  been  anticipated  from 
the  results  with  lead.  In  this,  however,  as  in  other  respects,  the  tin 
and  lead  are  greatly  unlike. 

A  bar  of  tin  saturated  with  mercury  was  weighed  at  intervals  of 
ten  days.  Its  weights  were  as  follows  : 

First 5,2061  grammes. 

After  10  days 5,2061   " 

After  20  days 5,2061    " 

After  30  days 5,2061   " 

It  crystallizes  very  soon  after  becoming  saturated ;  and  then,  as  in 
the  case  of  the  lead,  volatilization  ceases. 

Experiments  with  Gold. 

The  progress  of  mercury  in  a  bar  of  gold  is  exceedingly  alow. 
This  fact  was  observed  by  Daniell.  Under  favorable  circumstances, 
in  a  strip  of  rolled  American  coin  0,00006°°  in  thickness,  the  mer- 
cury rose  0,008"°  in  a  period  of  240  days.  The  surface  of  the  mer^ 
cury  around  the  gold  was  coated  with  a  coherent  solid  amalg^am. 

Mercury  coming  in  contact  with  gold,  as  is  well  known,  rapidly 
combines  with  it.  The  de^th  to  which  the  mercury  penetrates  seems 
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to  be  influenced  by  considerations  something  like  those  which  pre- 
T&il  with  lead. 

Experiments  with  Silver.  m 

The  progress  of  mercury  in  silver  is  scarcely  more  rapid  than  in 
gold.  It  rose  in  a  strip  of  American  coin  0,00009"""  thick,  but 
0,0085""  in  240  days. 

The  circumstance  that  both  the  above  metals  were  rolled,  and  of 
course  compressed,  and  the  fact  that  both  were  alloys,  doubtless 
impeded  the  flow  of  the  mercury* , 

Experiments  with  Zinc. 

A  bar  of  zinc  was  cast  in  a  crooked  glass  tube,  so  as  to  possess, 
without  bending,  the  requisite  syphon  form.  Upon  being  placed  in 
mercury,  it  rapidly  dissolved  all  below  the  surface  of  the  liquid  me- 
tal. The  mercury,  however,  penetrated  0,0065'*"';  and  in  this  condi- 
tion, withdrawn  from  the  mercury,  retained  a  semi-liquid  drop  at 
the  end  of  the  shorter  leg,  250  days^  that  being  the  period  of  obser- 
vation. 

Experiments  with  Cadmium. 

A  syphon  of  cadmium  was  prepared  in  the  manner  of  the  zinc 
syphon.  It  dissolved  rapidly  in  the  mercury,  but  there  appeared  af- 
ter some  time  an  enlargement  of  the  body  of  the  bar,  0,006""  from 
the  end  of  the  shorter  leg,  which  resembled  that  in  the  bars  of  lead, 
except  that  it  did  not  crack  open. 

BsEperimeiUi  with  pUUmwrnt  palladium^  iron^  copper^  and  brtuSi 
gave  only  negative  results.  The  permeability  of  several  of  these  me- 
tals to  molten  tin,  gold,  and  silver ;  and  of  iron  to  molten  copper,  is 
well  known. 

SUMMARY   OF   RESULTS. 

1.  The  specific  gravity  of  lead  is  increased  by  saturation  with 
mercury. 

2.  The  velocity  of  mercury  diminishes  as  the  length  of  saturated 
bar  increases,  and  in  a  kind  of  geometrical  ratio. 

^American  gold  coin  contaioB  900  parts  gold  and  100  parts  silver  and  copper ; 
American  silver  coin,  900    '*    silver  and  100    **     copper. 
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3.  The  progress  is  more  rapid  in  cast  than  in  drawn  lead. 

4.  The  total  height  to  which  the  mercury  attains  is  greater  in  cast 
than  in  drawn  lead. 

5.  Gravity  facilitates  the  flow  of  mercury  from  above  downward. 

6.  The  mercury  which  passes  through  a  syphon-shaped  bar  of 
lead,  contains  lead  in  solution. 

7.  This  lead  is  derived  from  the  interior  of  the  bar. 

8.  Afber  the  transmission  of  a  certain  amount  of  mercury,  and 
the  return  of  this  mercury  to  be  passed  again,  the  amount  transmit- 
ted in  a  given  time  attains  a  maximum. 

9.  The  amount  passed  in  given  time,  with  a  given  length  of  the 
shorter  leg  of  the  syphon,  is  dependent  on  the  absorbing  surface 
exposed  to  the  mercury. 

10.  The  syphon  action  is  limited  by  the  same  law  that  determines 
the  height  or  length  of  bar  through  which  mercury  will  pass. 

11.  Mercury  saturated  ynth  lead  passes  through  leaden  bars. 

12.  The  saturated  bar  is  eminently  brittle. 

13.  The  saturated  bar  contains 

3,55  per  cent  of  mercury,  and 
96,45  per  cent  of  lead. 

14.  The  bar  saturated  with,  and  afterward  withdrawn  from  the 
mercury,  in  seven  months  lost  by  atmospheric  diffusion 

2,75  per  cent  of  mercury ; 
leaving  only  0,80  per  cent  in  the  bar. 

15.  In  this  condition,  the  bar  had  nearly  recovered  its  original 
texture. 

16.  After  the  loss  of  a  certain  amount  by  diffusion,  the  surface 
becomes  coated  with  crystalline  amalgam,  and  the  difiusion  ceases. 

17.  The  liquid  amalgam  contains  2,52  per  cent  of  lead. 

18.  The  saturated  bar  long  in  contact  with  mercury  assumes  a 
crystalline  texture,  and  cracks  open. 

19.  After  crystallization  commences,  the  progress  of  the  mercury 
is  still  more  impeded. 

20.  The  specific  gravity  of  tin  is  increased  by  saturation  with 
mercury. 

21.  The  saturated  bar  soon  opens  by  numerous  fissures,  present- 
ing crystalline  angles  and  surfaces. 

22.  The  specific  gravity  of  the  crystallized  amalgam  is  greater 
than  that  of  the  bar  merely  saturated  with  mercury. 
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23.  The  velocity  of  transmisaion  of  mercury  through  tin,  ig  at 

firat  slower  than  that  through  lead ;  but  it  differs  in  being  uniform,  ^ 

while  the  velocity  in  lead  rapidly  diminishes.  I 

24.  The  syphim  action  in  a  tin  bar  cannot  be  long  maintained,  on 
account  of  the  crystallization  and  consequent  brittleness  of  the  bar. 

25.  The  crystalline  amalgam  has  a  constitution  of  (Hg  Sug). 

26.  The  Uquid  amalgam  contains 

98,55  per  cent  of  mercury,  to 
1,45  per  cent  of  tin. 

27.  The  crystalline  amalgamf  loses  nothing  by  atmospheric  diffu- 
non. 

28.  Quicksilver  permeates  gold  and  silver,  but  very  slowly. 

29.  Zinc  and  cadmium  are  permeable  to  mercury,  but  dissolve 
in  it 

30.  Iron,  platinum,  palladium,  copper,  and  brass,  are,  at  common 
temperatures,  not  permeable  to  mercury.    ^ 

Non.  I  am  indebted  for  most  of  the  foregoing  analyges  to  Hoiixr,  Joim  Haoux, 
WiLUAM  Hague;  Mabineb,  Dwioht,  Woboester  and  Dkan,  pupils  in  my  laboratory, 
▼ho  have  kindly  oo-operated  with  me  in  promoting  the  reeearcK 

£.  K.  HORSFORD. 


8.  On  Cohesion.    By  Prof.  Joseph  Henrt,  Secretary  Smithsonian 

Institution. 

\Not  received^ 


9.  On  the  Plasticity  op  Sulphur.    By  Prof.  E.  N.  Horsford, 

of  Harvard. 

It  must  have  attracted  the  attention  of  many  chemists,  that  when 
a  nitric  acid  solution  c^  copper,  nickel  or  cobalt,  with  excess  oi  acid, 
is  precipitated  by  a  current  of  hydrosulphuric  acid,  the  precipitate 
takes  on  a  singular  plasticity  and  elasticity,  resembling  that  of  sul- 
phur when  suddenly  cooled  from,  an  elevated  temperature  by  im- 
mersion in  water. 
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The  cause  of  this  peculiar  property  I  have  sought  by  experiment 
Solutions  of  many  metallic  salts  besides  those  above  enumerated, 
including  iron,  zinc,  and  mercury,  in  excess  of  nitric  acid,  when 
treated  with  a  current  of  hydrosulphuric  acid,  gave  precipitates  of 
the  above  character.  It  was  obvious,  therefore,  that  the  kind  of  metal 
was  of  no  importance,  and  I  made  the  experiment  with  pure  nitric 
acid.  The  acid  was  prepared  by  distilling  from  nitrate  of  potassa 
with  English  oil  of  vitriol  :  it  was  fuming,  and  of  a  deep  green  color, 
from  the  presence  of  hyponitric  and  nitrous  acids. 

I.  Through  the  concentrated  acid,  a  current  of  hydrosulphuric 
acid  was  passed.  There  followed  promptly  a  precipitate,  at  first 
yellow,  with  immediate  elevation  of  temperature  to  95^  C.  This  was 
sufficient  to  melt  a  portion  of  the  sulphur  precipitate,  and  impart 
to  it  an  orange  red  or  slightly  brownish  tint.  The  sulphur  had  the 
elasticity  and  plasticity  above  noticed. 

II.  Another  portion  of  acid  was  diluted  with  an  equal  volume  of 
water,  and  a  current  of  hydrosulphuric  acid  passed  through  it.  It 
yielded  a  similar  result,  without,  however,  any  portion  of  it  assuming 
the  reddish  tint. 

III.  The  lid,  diluted  with  an  equal  volume  of  water,  making  a 
solution  of  one  of  concentrated  nitric  acid  to  three  of  water,  gave  a 
similar  result,  though  the  sulphur  was  less  decidedly  plastic 

IV.  The  Hid  solution,  with  an  equal  volume  of  water,  making  a 
solution  of  one  of  nitric  acid  to  seven  of  wat^  was  similarly  treated, 
and  gave  a  like  result. 

V.  Contained  one  of  acid  to  fifteen  of  water  :  it  gave  still  a  viscid 
precipitate. 

VI.  Containing  one  of  acid  to  thirty-one  of  water,  gave  a  precipi- 
tate, but  it  was  not  coherent. 

From  experiments  I  and  II,  it  is  inferred  that  the  same  conditions 
were  present  that  occur  in  the  fusion  of  sulphur.  The  source  of  heat 
is  intense  chemical  action  :  in  the  first  experiment,  it  was  adequate 
to  fuse  considerable  masses  of  the  sulphur ;  in  the  second  experi- 
ment, enough  at  the  instant  of  the  precipitation  to  confer  upon  the 
sulphur  its  plasticity.  In  the  experiment  where  an  extremely  diluted 
solution  was  employed,  the  heat  was  so  feeble  as  to  permit  the  sul- 
phur to  fall  in  the  form  of  incoherent  powder. 

The  sulphur  recovered  its  brittleness  only  after  several  days,  as 
has  been  remarked  of  fused  sulphur  cooled  by  immeFsion  in  water. 
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10.  On  the  Solar  Light.    By  DiU»EL  Vauqhan,  of  Cincinnati. 

[Not  received,] 


11.   Experimental  Hesearches  tending  towards  an  Improve- 
ment OF  the  Telescope.    By  Prof.  Alexander  C.  Twining. 

Ip  it  be  a  fact  in  the  prevailing  classification  of  stars  relatively  to 
their  orders  of  magnitudie,  that  the  light  of  each  inferior  order  closely 
approximates  to  one  half  that  of  its  next  superior,  we  may  ascertain, 
by  comparing  the  performance  of  exquisitely  wrought  telescopes 
with  the  performance  of  the  unassisted  eye,  whether  any  large  frac-. 
tion  of  light  is  lost  in  the  artificial  instrument.  Having  occasion, 
some  years  ago,  to  make  this  comparison  for  an  immediate  practical 
purpose,  I  found,  from  the  best  data  then  attainable,  that  the  choicest 
glasses  fell  short,  in  their  recorded  penetrative  power,  by  two  or 
three  entire  orders  of  magnitude^  of  the  performance  to  be  expected ; 
taking  the  eye  as  a  standard,  and  supposing  no  other  considerable 
loss  of  light  than  that  by  absorption  and  the  surface  reflections.  This 
supposed  progression  of  stellar  light  compared  with  magnitude  was 
indeed  too  indefinitely  established  to  form  an  element  for  any  positive 
condusion,  especiaUy  one  so  broad  as  would  be  intimated  by  the 
foregoing  comparison ;  namely,  that  onlff  ime^eightk  or  tenth  of  the 
light  i$  avaifablejbr  vinon  in  the  heat  achramatics  :  still  such  a  result 
might  justly  give  additional  interest  to  an  experiment  which,  for 
analogous  reasons,  I  was  about  to  attempt. 

The  observations  and  trials  following  were  made  in  March  1847, 
with  a  dollond  of  3^  inches  aperture,  belonging  to  the  apparatus  of 
Middlebury  College.  By  frequent  previous  use  of  the  instrument* 
and  some  general  tests,  I  had  satisfied  myself  of  its  medium  quality 
at  least ;  and  no  fault  in  respect  of  achromaticity  was  observable. 
The  object  glass,  when  closely  examined  with  a  magnifier,  exhibited 
many  minute  opaque  spots  dispersed  in  one  of  the  lenses,  but  not 
occupying  any  considerable  area  in  the  aggregate. 
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Upon  the  wall  of  a  dark  room,  an  opened  window  of  which 
looked  out  upon  a  rising  ground  some  quarter  of  a  mile  distant,  I 
placed,  opposite  the  window,  the  title  cut  from  a  newspaper  called 
the  <*  Vermont  Chronicle,"  printed  in  distinct  and  sharp  german 
text  characters.  The  black  strokes  of  the  (m),  or  ordinary  letters, 
not  capitals,  were  one  tenth  of  an  inch  broad  and  six  tenths  long. 
This  title  I  illuminated  at  a  slight  angle  by  a  covered  light  at  a 
graduated  distance,  and  viewed  it  at  the  same  angle  on  the  other 
side  the  perpendicular,  to  avoid  interference,  and  yet  obtain  nearly 
a  normal  view.  This  last  line  of  view  would,  when  prolonged  through 
the  open  window,  strike  a  commodious  situation  upon  the  distant 
rising  ground  before  mentioned* 

Viewing  the  title  through  a  tube  whose  aperture  next  the  eye  was 
CIG**  in  diameter,  one  could  decide  that  its  first  distinct  reading  was 
practicable  from  a  distance  of  thirteen  feet,  when  the  light  had  ap- 
proached to  eleven  feet.  The  eye-piece,  whose  power  had  been 
previously  ascertained  to  be  100,  was  now  screwed  upon  its  tabe ; 
and  the  spot  of  observation  was  transfbrred  to  the  rising  ground  at 
100  times  the  distance,  or  1300  feet  by  measurement  made  before- 
hand. The  night  was  calm  and  dark,  and  the  open  window  afforded 
an  unobstructed  Une  of  sight  to  the  illuminated  object,  and  at  the 
same  angle  as  the  eye  view.  The  circumstances,  therefore,  of  this* 
second  view,  especially  the  leading  one  of  the  vuuiU  angltt  would  be 
unchanged  from  the  first,  except  as  affected  by  the  transit  through 
thirteen  hundred  feet  of  air,  and  through  the  telescopic  arrangement ; 
exact  equality  of  field  being  unimportant.  , 

By  signals,  an  assistant  in  the  chamber  was  instmcted  when  and 
by  what  degrees  to  move  the  light  towards  the  object.  So  much 
beyond  the  expected  amount  of  illumination  was  requisite,  that  the 
nearest  extremity  of  the  range  was  occupied,  and  the  title  was  not 
yet  legible.  Apparently,  however,  the  verge  was  just  reached  ;  and 
this  impression  was  confirmed  by  a  subsequent  repetition  of  the 
observation,  with  some  changes.  The  light  was  found  at  nine  inches 
of  distance  by  measurement,  and,  being  carefully  tested,  exhibited 
an  unchanged  intensity  compared  with  the  beginning. 

From  the  identity  of  the  visual  angle  in  the  near  and  the  distant 
view,  it  follows  that  any  given  poition  of  the  field  would  cover  the 
same  or  an  equal  area  of  the  retina  in  both.  The  absolute  illumina- 
tions of  the  object  were,  relatively,  as  the  inverse  squares  of  the 
distances  11  feet  and  9  inches^  or  as  216  to  unity.  Of  this,  only  the 
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ten-thoiisandth  part  would  reach  the  object  glass,  by  reason  of  the 

hundredfold  distance.  But,  again,  the  area  of  the  glass,  compared 

with  the  aperture  of  the  eye  tube  used  for  the  near  view,  was  in  the 

duplicate  ratio  of  3^'"  to  0,16^  or  412^  times  the  greater  ;  yet  the 

entire  pencils  would  enter  the  eye>  being  less  than  one-thirtieth  of 

an  inch  in  diameter.  Supposing  then  one-fiflh  absorbed  and  reflected, 

the  relative  quantity  of  light  in  the  distant  view  and  the  near  was  as 

4      215x412,5  .  ^.       .      «.  ,  , 

7  X  — TTr^TTT^ —  to  unity,  or  as  7,1  to  1.    Six-sevenths,  at  least,  of 

0  10000 

the  light  was  therefore  either  extinguished  by  interference  of  rays, 
or  was  ineffective,  from  some  other  circumstance,  for  vision.  Indeed 
had  the  actual  verge  of  distinct  legibility  been  reached,  a  yet  larger 
fractional  loss  would  have  been  manifest ;  for  the  succeeding  experi- 
ment evinced  that  a  distinct  legibility,  under  these  circumstances, 
was  attainable. 

In  this  succeeding  instance,  the  near  view  of  13  feet  first  gave  dis- 
tinct legibility  to  theunassiste<^eye  through  the  aperture  of  0,16'",  at 
9  feet  distance  of  the  light  from  the  object.  The  latter  were  placed 
in  close  proximity,  and  the  distant  or  telescopic  reading  was  clear 
and  perfect,  notwithstanding  a  tremor  from  unstable  atmospheric 
refraction.  By  signals  the  light  was  now  put  into  a  receding  progress, 
until  the  limit  of  legibility  was  reached  and  passed.  Indeed  the  re- 
cession was,  in  fact,  continued  to  a  point  obviously  more  distant  from 
that  limit  than  in  the  first  experiment ;  not  wisely,  perhaps,  had  it 
not  been  the  expectation  to  renew  and  vary  the  observation.  But 
although  this  expectation  has  not  to  this  time  been  realized,  the  two, 
as  they  stand,  suffice  for  the  object  of  this  paper.  The  final  distance 
of  the  light  proved  to  be  8,2'",  which,  compared  with  9  feet,  shows 
but  little  more  than  -j^ths  of  the  final  illumination  in  the  first  men- 
tioned distant  observation,  and  therefore  adds  no  new  degree  of 
approximation  to  the  ratio  deduced  from  the  former  experiment,  but 
is  specially  important  in  confirming  it,  in  consequence  of  its  having 
proceeded  from  clear  legibility  backward  to  obscurity,  so  as  to  be  a 
counterpart  to  the  other. 

To  explain  the  great  loss  of  light,  amounting  in  these  experiments 
to  ^hs  of  the  whole  alter  proper  allowance  for  absorption  and  re- 
flection, three  occasions  of  loss  may  be  mentioned ;  of  which,  how- 
ever, the  third  alone  will  be  dwelt  upon,  as  it  embodies  the  practical 
issue  towards  which  these  experiments  were  directed.  Firtt,  there 
might  be  named  the  possible  extinction  of  light  by  interference  of 
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rays  between  the  object  glass  and  focus,  and  in  crossing  at  the  focus. 
Second,  a  diffusion  of  light  at  the  focus,  arising  from  imperfections 
of  workmanship  and  material.  Thirds  the  chromatic  aberration  of 
the  eye-pieces  in  common  use. 

It  is  remarkable  that  the  best  optical  authors  treat  of  these  eye- 
pieces— ^the  positive  and  the  negative— as  achromatic  (that  of  Rams- 
den  partially,  and  that  of  Huyghens  perfectly),  without  apprising 
the  reader,  or  appearing  themselves  to  be  aware,  that  it  is  only  in 
their  capacity  of  field-glasses  that  this  property  can  be  justly  ascribed 
to  them.  In  bending  the  pencils  or  brushes  of  light,  which  w^ould 
otherwise  escape  the  eye,  towards  and  into  one  space  not  larger  than 
the  pupil  of  the  eye,  color  would  of  course  be  manifbsted  laterally 
by  any  single  lenSb  The  combinations  above  spoken  of  correct  this 
lateral  imperfection — ^Ramsden's  partially,  and  Huyghens's  perfect- 
ly ;  but  with  respect  to  that  convergent  and  divergent  refraction 
which  forms  images,  or  reduces  pencils  to  beams  for  ocular  reception 
and  refraction,  not  only  there  is  no  correction,  but  one  lens  accumu- 
lates its  aberration  or  color  upon  the  other.  This  is  obvious  from  the 
fact  that  the  more  refrangible  rays,  which  should  be,  for  the  purpose 
of  correction  by  the  eye  lens,  nearest  that  lens,  are  really  farthest 
from  it.  On  this  account  the  light  from  absolute  physical  points  of 
the  telescopic  focal  image,  which  should  be  collected  into  absolute 
physical  points  on  the  retina,  is  in  fact  diffused  into  minute  circles 
around  them. 

A  physical  point  on  the  retina  may  be  conceived  of  as  any  area 
within  which  the  entire  light  is  effective  in  a  single  direction  without 
appreciable  diminution.  If  the  retina  be  a  network  of  similar  chords 
receiving  impulses,  and  made  vibratory,  as  the  principle  and  basis  of 
vision,  then  a  physical  point  would  be  closely  of  a  diameter  equal  to 
half  the  diameter  of  a  circular  section  of  one  of  the  chords.  A  dif- 
fusion into  any  space  much  exceeding  this  would,  of  course,  sensibly 
commingle  directions  and  impair  vision.  In  other  words,  visual  effect 
it  dependent  on  concentration  of  light.  If  physical  points  were  ma- 
thematical points,  the  slightest  diffusion  would  annihilate  visual  effect, 
by  infinitely  diluting  the  light;  but,  although  not  mathematical 
points,  these  may  be  so  minute  that  the  diffusion  created  by  chromatic 
aberration  of  an  eye-piece  can  enfeeble  visual  effect  to  an  extent 
never  yet  suspected.  , 

An  illustration  of  these  views,  and  a  confirmation  of  the  main  fact 
alluded  to,  may  be  instanced  in  the  performance  of  telescopes  not 
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achromatic.  One  philoaopher,  at  least,  has  expressed  his  surprise  at 
the  distinctness  and  visibility  of  images  fbrmed  by  object  glasses  of 
one  kind  of  glass  only.  In  his  view,  the  explanation  is  found  in  a 
great  superiority  of  certain  rays  of  the  spectrum  above  the  rest  in 
exciting  vision.  The  true  explanation,  however,  is  doubtless  supplied 
by  the  preceding  fact  or  principle.  Assume  a  crown  glass  object  lens 
of  three  ieet  focal  distance.  The  rays  which  would,  by  a  uniformity 
of  refractive  index,  be  concentrated  into  a  point,  are,  by  chromatic 
aberration,  disposed  in  numberless  focal  points  all  along  an  axial 
line,  for,  say  one  inch  and  a  quarter.  But,  in  traversing  this  last 
extent,  the  focus  of  the  eye  lens  is,  anywhere,  in  place  for  a  certain 
small  part  of  the  rays  to  be  collected  at  and  very  near  to  a*  physical 
point  on  the  retina,  while  the  mass  are  diffused  all  around.  But  the 
visual  effect  of  concentrated  light  so  vastly  transcends  that  of  diffused 
light,  that  even  the  small  pencils  referred  to  overcome  the  far  greater 
balance  that  remains,  and  rise  superior  to  their  confusing  and  ob- 
literating effect. 

Employing  the  front  or  iSuminating  lens  of  a  solar  microscope  as 
an  object  glass,  and  a  single  lens  of  1,10  focal  distance  as  an  eye 
glass,  I  constituted  a  temporary  telescope  of  uncorrected  refraction. 
It  had  44  inches  aperture,  about  27  inches  focal  distance,  and  nearly 
2d  of  magnifying  power.  With  this  planted  on  a  window  seat,  I 
viewed  against  the  sky  the  vane  and  dark  cross  work  of  a  spire  half 
a  mile  distant,  illuminated  by  sunlight  coming  from  behind  my  sta- 
tion. Pushing  forward  or  drawing  back  my  eye  lens,  I  found  the 
entire  range  of  vision  to  be  very  nearly  the  computed  axial  extent 
of  chromatic  and  spherical  aberration  combined.  At  and  near  the 
extremes,  vision  was  of  course  indistinct ;  but  for  two-thirds  of  the 
range,  there  gleamed  from  the  central  bosom  of  the  gorgeous  clond 
of  commingling  and  ever-changing  halos  of  dispersed  light,  a  clear 
image  of  the  vane  and  spire.  The  practical  concluaicm  is  irresistible : 
if  rays  insignificant  in  number  compared  with  the  mass,  can,  when 
concentrated,  stimulate  distinct  vision  in  direct  contrariety  to  anta- 
gonist  rays  in  immensely  greater  numbers,  then,  converMly,  the  effect 
of  diffused  light  in  great  quantities  may  be  inferior  to  that  of  con- 
centrated light  in  trifling  quantities ;  or,  the  quaniity  of  light  being 
given^  a  trifling  diffutian  may  very  perceptibly  and  injuriam^y  enfeeble 
visual  ^kacy. 

This  exhibits  the  gross  and  general  issue ;  bat  to  a  spedfic  and 
unhesitating  conclusion,  maasured  resolts  were  necessary.  From  tbe 
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investigation  of  degree*  on  this  delicate  topic  one  might  shrink,  unless 
supplied  with  the  best  arrangements  from  the  hands  of  finished  opti- 
cians. I  in  fact  approached  it  with  an  illuminating  apparatus  mounted 
at  a  cabinet  shop,  and  my  pseudomorphic  telescope  fitted  with  eye- 
tubes  and  sliding  orifices  by  a  conmion  tinman. 

The  illuminating  apparatus  was  a  prism  set  into  an  orifice  in  a 
window  shutter  of  a  large  philosophical  room,  from  which  all  light 
from  other  sources  was  excluded.  The  prism  was  movable  around 
its  own  axis  and  one  perpendicular  to  it«  and,  by  total  reflection, 
threw  a  beam,  under  proper  changes  of  adjustment,  upon  a  given 
locality  at  the  further  extremity  of  the  chamber.  Here  was  placed  a 
clearly  printed  page  of  specimen  type  in  ordinary  roman  letter,  and 
all  secondary  iUumination  was  cut  off  by  screens  properly  placed. 
This  page,  of  about  two  inches  square,  containing  a  passage  from  a 
latin  author,  was  read  at  two  feet  distance  by  the  naked  eye  through 
an  aperture  of  0,15**,  and  with  the  lowest  illumination  compatible 
with  legibility.  It  was  then  inverted  and  read  at  twenty-five  times 
the  distance,  or  50  feet,  with  a  power  of  2d  ;  and  therefore  under 
the  same  visual  angle  as  at  first.  The  focus  of  the  eye-piece  in  this 
reading  was  always  at  the  most  illuminated  or  effective  spot  in  the 
focal  spectrum  of  the  object  glass ;  which  was  found  to  be  OySS'" 
from  the  red  extremity  of  a  spectrum  1,13'*  long,  including  spherical 
aberration ;  which  coincides  exactly  or  nearly  with  the  spot  of  ma- 
ximum illumination  in  Sir  David  Brewster's  figured  spectrum,  as 
found  in  Dr.  Bache's  edition  of  his  Optics.  A  sliding  orifice  inter- 
posed between  the  fi>cus  and  the  object  glass,  varied  the  quantity  of 
beam  admitted  to  the  eye,  simply  by  being  pushed  ibrward  or  drawn 
backward.  Not  to  multiply  particulars,  I  may  observe,  that  by  ex- 
periments made  on  the  16th  and  18th  of  October  in  the  year  first 
mentioned,  the  two  actual  quantities  of  light  admitted  to  the  eye  in 
the  distant  or  telescopic  view  were,  respectively,  69^^  times  and  82| 
times  the  same  in  the  near  view,  or  by  the  eye  alone  through  the 
small  aperture.  As  an  average,  we  may  take  the  number  76,  and 
conclude  that  ^|th  parts  approximate  to  the  light  which  was  io- 
efficacious,  and  -^h  part  to  that  which  was  effective. 

I  pause  here  to  say  that  whenever  these  experiments  shall  he 
repeated  with  means  and  arrangements  more  refined  and  complete, 
the  ratio  above  given  will  of  course  be  found  only  an  approximation 
of  the  rudest  description,  because  my  opportunities  partook  of  that 
character.  In  marking  and  clearing  out  die  first  path  under  such 
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circumAtances,  one  who  invitefi  tbe  severest  scrutiny  into  bis  pro- 
cedoresy  as  to  principle  and  a  promise  of  utility,  is  entitled  to  expect 
also  great  indulgence  in  the  range  of  unavoidable  errors. 

The  illumination  at  that  point  of  the  solar  spectrum  where  it  is  a 
maximum,  appears  to  be  2,4  the  average  illumination  tbroughoitt  as 
modified  by  spherical  aberration.  One  seventy-sixth  part,  therefore, 
of  the  light  of  a  focal  spectrum  would  emanate  from  the  y^.jth 
part  of  its  total  length  at  and  near  the  spot  of  maximum  illumination, 
if  that  alone  were  effective  and  the  remainder  lost.  As  the  total  length 
in  this  instance  was  1,03  inches,  all  the  effective  light  might  emanate 
from  points  comprehended  in  a  linear  space  of  0,0056%  or  0,0028  in 
each  direction  from  the  focus  of  the  eye  lens.  As  the  orifice  which 
admitted  the  Ught  was  0,64"  in  diameter,  and  at  the  distance  6,70^* 
in  front  of  the  focus  (or  as  1  :  10,46),  it  appears  that  the  diameter  of 
the  smallest  circular  space  transmitting  the  same  light  was  0,00027^. 
The  focal  distance  of  the  eye  lens  was  1|10'*;  from  which  we  have 
the  ratio  of  unity  to  0,00025,  or  ^^^^th,  subtending  of  course  an 
angle  of  51^"  of  a  degree. 

It  is  desired  now  to  compare  this  with  the  angular  chromatic 
aberration  of  the  eye-pieces  in  the  dollond  experimented  with  from 
the  1300  feet  distance,  as  named  in  the  beginning  of  this  article.  In 
that  telescope,  the  extreme  refractions  by  the  negative  eye-piece 
were  at  least  9^°  ;  but  as  the  eye  would  seize  upon  the  prominent 
rays,  we  may  halve  the  aberration  angle,  and  average  in  the  whole 
pencil  3^°  mean  refraction.  The  eye-piece  would  therefore  give  a 
chromatic  aberration  of  ^th  part  of  the  same,  or  380''  of  a  degree; 
or  7,38  times  as  great  in  diameter  as  the  circle  of  effective  vision, 
and  over  50  times  as  great  in  area.  This  is  a  species  of  conventional 
comparison,  from  which  no  absolute  numerical  result  can  be  un« 
erringly  deduced  ;  but  it  may  suffice  to  evince  the  strong  probability 
of  a  considerable  injury  by  the  employment  of  eye-pieces  which  are 
not  properly  and  fully  achromatic.  The  importance  of  such  a  conclu-> 
sion,  if  correct,  lies  in  this  :  that  a  prospect  is  thus  opened  of  effecting 
as  great  penetrative  or  visual  power  in  the  telescope  by  the  employ* 
ment  of  eye-pieces  truly  achromatic,  as  by  enlarging  the  object  glass 
with  the  ordinary  eye-pieces.  The  chromatic  aberration  of  converging 
or  diverging  refrnctions,  it  may  be  easily  made  to  appear,  can  be 
completely  eliminated  by  two  lenses  of  the  same  kind  of  glass ;  or^ 
probably,  by  the  two  sur&ces  of  a  single  lens  of  considerable  thick- 
ness. The  other  or  field  aberration,  it  is  true,  will  remain  for  objects 
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upon  which  the  telescope  is  not  truly  centered ;  but,  since  the  em- 
ployment  of  regular  equatorial  motions,  this  last  has  ceased  to  possess 
its  former  importance  in  a  scrutiny  of  minute  points  of  sight. 

Leaving  here  this  subject  to  the  candor  and  the  skill  of  those  who 
have  leisure  and  means  to  prosecute  such  investigations  through  the 
last  degrees  of  refinement,  I  proceed  to  discuss  and  supply  one 
essential  element  of  a  complete  investigation  of  thb  topic  :  I  mean 
the  equation  of  the  curve  of  visual  effect,  and  to  hint  at  one  mode  of 
its  employment. 

INYlSnOATION. 

0Let  A  be  a  point  on  the  retina,  on  which  the 
visual  effect  of  a  given  ray  or  element  of  light  may 
be  called  unity  (1).  At  certain  distances,  near  and 
around  A,  we  know  that  diffused  light  assists  visual 
effect  at  A.  A  ray  at  b,  for  instance,  would  in  some 
degree  coincide  in  effect  with  one  at  A.  But  at  a  certain  distance,  as 
at  c,  light  begins  to  be  injurious ;  and,  beyond  that  distance,  becomes 
more  and  more  so,  until  at  a  certain  other  distance  the  injury  assumes 
a  condition  of  decrease  indefinitely  continued,  but  never  arriving  at 
zero. 


Let  then  CBAB'C'  be  the  curve  representing  the  relation  of  visual 
effect  to  distance  firom  the  central  point  on  the  retina.  Let  y,  one 
ordinate,  represent  that  visual  effect  of  a  given  ray  at  the  co-ordinate 
distance  x  or  —  x  firom  the  point.  According  to  the  preceding  known 
facts,  y  is  a  maximum  at  A,  or  when  x  is  0.  At  a  certain  distance 
it  is  neutral,  and  the  curve  at  B  crosses  the  line  of  co-ordinates  x. 
Thence  y  becomes  negative ;  finds  a  maximum ;  and  then  diminishes 
without  limit,  but  still  negative. 

The  values  of  y  for  a  given  numerical  value  of  x,  whether  positive 

or  negative,  are  the  same ;  and  therefore  the  curve  has  two  similar 

and  equal  branches,  and  y,  when  developed  in  terms  of  a^  contains 

no  uneven  power.    Let 

_  A+Ba»+ Zg" 

^  ^  A'4-B'x»-f  ...-Z'aj-^-' 
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in  wbicli  the  denominator  must  rise  to  one  power  at  least  of  o^  above 
the  Dumerator,  in  order  that  y  may  be  0  when  x  is  infinite.  The 
four  known  requisites  or  conditions  therefore  confine  the  equation  to 

1. — aa? 

patting  y  as  1  at  the  point  A,  or  when  2;  is  0  ;  and  a,  h,  and  c  as 
mere  symbols  of  numerical  value  whose  essential  signs  are  all  in- 
dicated. 

This  expression  might  appear  to  have  more  maxima  and  minima 
than  three,  which  would  be  inadmissible.  Its  differential,  however, 
taken  at  0,  conducts  to  the  equation 

a      ^  cr        ac 

in  which  the  radical  part  of  x  may  always  be  greater  than  the  rational, 
and  give  :^  but  two  real  values.  These  two,  moreover,  are  numeri- 
cally equal  (positive  and  negative),  and  give  the  co-ordinate  value 
of  y  negative. 

The  value  of  the  constants  in  this  equation  must  be  determined  by 
experiment.  That  of  a  is  discovered  by  finding  that  position  of  the 
sliding  orifice  mentioned  before  in  my  experiments,  at  which  the 
least  amount  of  illumination  gives  visibility;  and  then  1 — aa^  =  0. 
The  value  of  h  admits  a  close  approximation  by  diminishing  the 
orifice  to  an  extreme,  and  illuminating  intensely ;  in  which  case  we 

1  —  o^r* 
have,  very  nearly,  y  =  .    For  c,  more  complication  is  re- 

quisite. 

Again,  this  elementary  equation  conducts  to  an  expression  for  the 
aggregate  effect  of  light  uniformly  diffused  over  a  circular  space  on 
the  retina,  whose  diameter  is  22;,  and  whose  elementary  ray  is  m  ; 
for  we  have  its  differential 

35  —  005*        _ 

where  it  represents  the  TBtio  3,14159.  This  expression,  having  its 
coefficient  a  rational  fraction,  is  of  course  integrable. 

It  would  be  useless  to  pursue  this  analytical  branch  of  the  subject 
at  present,  since  the  proper  elementary  experiments  are  incomplete. 
The  expressions  and  applications  which  the  foregoing  equation 
involves  will  suggest  themselves  whenever  their  immediate  occasion 
arises.  Two  remarks  alone  suggest  themselves  as  specially  applicable 
in  the  initial  state  of  these  researches. 


) 
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First,  The  test  or  object  of  visibility  sfaoald  not  be,  as  in  the  fore- 
going experiments,  a  printed  page  of  coherent  sentences,  but  a  table 
of  promiscuously  composed  numbers,  and  letters  perhaps  intermixed 
with  the  digits  which  they  most  nearly  resemble.  Different  patterns 
of  uniform  size  and  appearance  should  be  employed,  at  the  election 
of  an  assistant,  and  without  a  clue  given  the  operator  as  to  the  one 
on  which  he  is  experimenting.  The  readings  should  be  as  rapid  as 
the  assistant  can  record ;  and  each  pattern,  and  its  record,  should  be 
filed  together  for  subsequent  attentive  comparison.  The  reading 
should  be  made  nearly  at  the  verge  of  legibility ;  and  the  number 
of  errors  will  afford  a  good  numerical  measure  of — ^what  mi^t  seem 
to  admit  no  measure  —  legibiUty. 

Second.  In  the  dollond  employed  for  the  ascertainment  of  light 
lost  and  light  made  available,  a  negative  eye-piece,  magnifying  100 
times,  gave  a  diffusing  effect  upon  the  retina  equal  to  a  focal  diffusion 
by  the  object  glass  over  a  space  of  fully  3f "  in  diameter ;  the  eye 
being  supposed,  as  before,  to  seize  upon  the  prominent  luminous 
rays,  and  bring  the  remainder  to  a  focus  too  soon  in  part,  and  in 
part  too  remotely.  Perhaps,  therefore,  one  half  the  loss  from  the  two 
combined  was  due  to  the  eye-piece ;  and  if  this  in  fact  was,  as  it 
appeared  to  be,  ^ths  of  the  whole,  a  truJy  achromatic  eye  lens  toould 
have  made  the  effective  light  fourfold.  The  same  would  be  true  of 
larger  and  finer  instruments,  under  the  same  suppositions ;  except 
as  affected  by  the  ratio  of  aperture  to  focal  distance,  which,  in  my 
small  instrument,  was  greater  than  is  usual  in  the  larger,  and,  ac- 
cording to  my  recollection  (for  I  find  no  record  of  that  circumstance), 
fell  short  but  little  of  ^th  or  ^th.  Other  causes  of  loss,  however, 
may  perhaps  divide  with  the  two  just  mentioned. 


12.    Relation  of  the  Chemical  CoNSTrrirTioN  of  Bodies  to 
Light.    By  Prof  E.  N.  Horsford,  of  Harvard. 

Prof.  Horsford  called  attention  first  to  the  well  known  fticts  that 
the  color  of  the  hair  on  animals  varied,  and  was  more  intense  on 
certain  portions  of  the  body.  The  metals  also  had  colors  which  were 
affected  by  their  composition.  The  change  of  their  color  in  summer 
and  winter  was  also  a  well  known  fact  He  enumerated  many  metals 
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which  changed  their  tints  by  the  simple  process  of  heating.  These 
were  phenomena  which  ought  to  be  investigated  by  means  of  che- 
mistry. The  change  of  tint  is  without  change  in  chemical  composition. 
The  law  appears  to  be  that  metals  pass  firom  a  lighter  to  a  darker 
tint.  The  loss  of  water  causes  a  change  from  a  lighter  to  a  darker 
tint.  In  charring  wood,  we  have  a  change  from  a  lighter  to  a  darker 
tint.  He  illustrated  on  the  blackboard  that  blackness  was  the  natural 
color  of  all  non-gaseous  bodies ;  and  he  cited  the  series  of  compounds 
of  gold,  silver,  nickel,  platinum,  tin,  and  other  metals.  He  illustrated 
how  the  compounds  of  the  several  metals,  as  they  became  more 
divided  in  their  molecular  structure,  varied.  He  exemplified  them 
hy  the  series  of  compounds  of  lead  with  oxygen,  in  which,  as  the 
oxygen  prevailed,  the  colors  became  lighter.  This  was  in  keeping 
with  discoveries  made  by  Liebig,  and  other  eminent  chemists  whom 
he  named. 

Dr.  Draper  had  found  the  tints  to  vary  in  the  order  in  which  the 
metals  had  certain  affinities,  as  in  barium,  strontium  and  calcium  : 
he  thought  it  was  due  to  the  metals  which  were  at  the  base. 

Blackness  is  appropriate  to  extreme  dissolution ;  and,  in  this 
connection,  it  was  worthy  of  remark  that  many  nations  had  chosen 
that  color  to  express  extreme  grief. 

The  conclusions  of  Prof.  Horsford  were,  that  the  color  of  bodies 
depends  upon  the  extent  of  the  surface  of  their  smaller  particles,  or 
groups  of  atoms.  Transparency  depends  upon  the  arrangement  of 
lesser  atoms  in  certain  order,  constituting  large  groups.  Whiteness 
depends  upon  such  extent  of  surface  of  the  groups  of  atoms  as  shall 
reflect  all  light,  or  upon  such  number  of  these  plates  produced  by 
pulverizing  transparent  bodies  as  will  reflect  all  the  light.  Blackness 
depends  upon  the  subdivision  of  groups  to  such  minuteness  that  they 
00  longer  reflect  light,  or,  by  producing  interference,  destroy  it 
Heat,  by  subdivision,  causes  darker  shades.  He  also  observed,  in  a 
note,  that  there  seem  to  be  successive  scales  of  colors  produced  by 
heat. 

Prof.  Smith,  of  Louisiana,  did  not  agree  with  Prof.  Horsford  in 
some  of  his  conclusions,  and  showed  that  there  were  numerous  ex- 
ceptions in  the  mineral  kingdom.  There  has  recently  been  discovered 
the  amorphous  or  black  diamond.  The  diamond  is  generally  supposed 
to  be  a  clear,  transparent  substance ;  yet  here  was  a  specimen  of  a 
black  variety,  which  was  proved  by  the  investigations  of  Dufresnoy 
to  contain  98  per  cent,  of  carbon.  The  color  of  this  variety  of  dia- 
mond proceeded  entirely  from  molecular  structure. 


> 
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13.  Additional  Facts  respecting  the  Subjective  Vision  of  the 
Arteries  of  the  Retina.    By  Edward  Hit.  hcock,  Jr. 

The  experiment  was  first  performed  by  Purkinje,  and  succeeds 
best  when  tried  in  the  following  manner  :  Let  a  person  in  a  dark 
room,  with  one  eye  shaded,  hold  a  common  candle  within  two  or 
three  inches  of  the  outer  angle  of  the  eye,  and  commence  moving  it 
upwards  and  downwards  about  the  same  number  of  inches,  when  a 
large  picture  of  the  arteries  will  show  themselves  at  a  short  distance 
in  front  of  the  eye.  Sometimes,  besides  the  numerous  ramifications, 
the  insertion  of  the  arteria  centralis  retinm  can  be  observed. 

Prof.  Wheatstone  considers  "  that  it  is  a  shadow  resulting  from 
the  obstruction  of  light  by  the  bloodvessels  spread  over  the  retina." 

Sir  David  Brewster  offers  a  different  explanation.  He  considers 
'<  that  the  light  is  propagated  from  the  luminous  image  of  the  candle 
to  other  parts  of  the  retina ;  and  that  though  the  retina  in  contact 
with  the  bloodvessels  is  sensible  to  direct  light,  it  is  insensible  to 
propagated  light,  and  therefore  the  bloodvessels  are  delineated  in 
obscure  lines." 

The  additional  fact  which  I  would  mention,  is  that  when  an  amount 
of  light  sufficient  to  perform  this  experiment  is  placed  in  a  fixed 
position  so  near  the  eye,  the  pupil  contracts ;  whereas,  in  this  ex- 
periment, the  pupil  expands  so  widely  and  suddenly  that  it  leaves 
the  iris  but  a  narrow  belt.  And  if  a  second  person  watch  the  pupil 
of  the  experimenter,  at  the  moment  the  image  appears,  the  observer 
will  notice  a  rapid  and  considerable  enlargement  of  the  pupil,  which 
continues  as  long  as  the  lamp  is  kept  in  motion. 

Perhaps  these  few  facts,  as  yet  unmentioned,  may  give  some  light 
as  to  the  true  explanation  of  this  phenomenon,  which  as  yet  seems 
unsatisfactorily  accounted  for. 


14.  On- A  New  Form  of  Microscope,  with  a  New  Mode  op 
Measurement  of  Dimensions  and  Angles.  By  Professor 
J,  Lawrence  Smith,  of  the  University  of  Louisiana. 

The  construction  of  this  microscope  is  based  upon  the  principle  of 
placing  the  objective  glasses  beneathi  instead  of  above  the  objects 
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to  be  examined.  The  tube  in  wbich  the  eyeglass  is,  is  thereby  5° 
from  the  perpendicular,  and  the  ray  of  light  undergoes  a  deflection 
of  140^  before  entering  the  eye.  The  deflection  is  produced  by  a 
four-sided  prism,  with  the  angles  55^,  107°^,  52^^,  145°  :  the  ray  of 
light  passing  through  the  objective  glass  down,  into  the  upper  side 
of  the  prism,  it  penetrates  and  is  subjected  to  two  total  reflections, 
and  passes  out  of  the  four£h  surface  upwards,  making  an  angle  of 
35°  with  the  perpendicular.  The  eye  regards,  almost  at  the  same 
moment,  the  object  itself  on  the  stage  of  the  microscope,  and  the 
image  of  the  same  in  the  instrument ;  and  here  the  advantage  of 
the  instrument  is  seen  fl>r  chemical  purposes,  for  which  it  was  origi- 
nally intended.  It  is,  however,  not  confined  to  this ;  for  owing  to 
the  convenience  it  affords  for  arranging  the  illumination,  it  is  well 
adapted  to  much  general  use.  The  new  plan  of  measurement  is  to 
introduce  a  micrometer  into  the  tube  of  the  microscope  at  any  stage 
of  the  observations,  by  means  of  an  arrangement  placed  so  that  tlie 
micrometer  comes  within  the  plane  of  the  foci  of  all  the  eye-pieces 
used  in  the  instrument.  The  method  of  measuring  the  angles  of 
crystals  is  by  having  a  graduated  circle  in  the  outer  part  of  the  tube 
of  the  microscope,  and  passing  from  the  tube  carrying  the  eye-pieces, 
which  has  a  circular  movement  independent  of  that  of  the  graduated 
circle.  The  manner  of  measuring  the  angles  is  as  follows  :  Intro- 
duce the  micrometer ;  turn  the  eye-piece  until  the  lines  on  the  mi- 
crometer are  parallel  to  one  side  of  the  angle  to  be  measured ;  then, 
leaving  the  eye-piece,  turn  the  graduated  circle  until  the  index  on 
the  eye-piece  is  at  zero ;  this  done,  turn  the  eye-piece  until  the  lines 
on  the  micrometer  are  parallel  with  the  other  side  of  the  angle  to 
be  measured,  and,  in  regarding  the  circle,  the  degrees  of  the  angle 
passed  through  will  be  seen.  The  method  is  convenient,  and  more 
precise  than  any  known. 

Prof.  McCuLLocH  suggested  the  application  of  SoleiVs  arrange- 
ment, especially  in  the  examination  of  the  phenomena  of  polariza- 
tion ;  and  he  would  beg  leave  to  suggest  to  Prof.  Sm rrn  an  examina^ 
don  of  sugar,  as  he  lived  in  a  vicinity  where  that  article  was  manu- 
factured. He  said,  with  a  few  more  additional  improvements,  which 
he  suggested,  the  microscope  would  be  almost  perfect. 
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15.  On  the  Appa&ent  Motiok  of  Fiocikes  khf  cbrtain  Colors. 

By  Prof.  E.  Looms. 

At  the  New-Haven  meeting  of  the  American  Association,  I  de- 
scribed some  experiments  relating  to  the  apparent  motion  of  a  red 
worsted  figure  upon  a  green  ground,  or  a  green  figure  upon  a  red 
ground.  I  then  stated  that  I  had  not  been  able  to  produce  the  same 
effects  in  a  satisfactory  manner  with  colored  paper,  and  a  member 
of  the  Association  expressed  the  opinion  that  the  pile  of  the  worsted 
was  essentially  connected  with  the  phenomena. 

Although  I  had  at  that  time  performed  Bome  experiments  which 
seemed  inconsistent  with  the  latter  view,  still  as  I  had  not  succeeded 
to  my  satisfaction  with  certain  materials,  there  was  room  for  the 
supposition  that  the  nature  of  the  material  might  have  some  con- 
nection with  the  phenomenon.  I  therefore  resolved  to  repeat  the 
experiments  under  a  greater  variety  of  circumstances.  This  I  have 
since  accomplished,  and  the  following  are  some  of  my  results. 

Experiment  1.  I  first  tried  the  experiment  in  question  with  cotton 
thread.  My  earliest  trials  succeeded  very  imperfectly ;  but  after  a 
while  I  obtained  a  combination  of  red  and  green,  and  also  a  red  and 
blue,  which  exhibited  the  phenomenon  very  nearly  as  well  as  the 
best  specimen  of  worsted.  I  am  persuaded  that  my  first  failures  Mrere 
due  to  my  not  haying  obtained  exactly  the  proper  combination  of 
colors.  The  colors  must  be  of  the  right  shade  and  of  the  requisite 
intensity,  and  it  is  more  difficult  to  obtain  these  in  cotton  than  in 
worsted. 

Exp.  2.  I  next  tried  the  experiment  with  silk.  Here  again  my 
first  attempts  were  but  partially  successful ;  but  I  at  length  obtained 
combinations  of  red  and  green,  as  also  of  red  and  blue,  which  ex- 
hibited the  phenomenon  very  handsomely,  though  perhaps  not  quite 
as  well  as  the  worsted.  The  difference  I  ascribe  to  the  colors  not 
being  perfectly  matched,  and  also  to  the  lustre  of  the  material,  which 
decidedly  interferes  with  the  effect. 

Exp,  3.  I  next  tried  the  experiment  with  colored  morocco,  and 
succeeded  without  difficulty.  The  effect  was  scarcely,  if  at  all,  inferior 
to  that  produced  with  worsted. 

Esp.  4.  I  next  repeated  my  trials  with  colored  paper,  an^  after 
some  pains-taking,  obtained  specimens  of  red  and  blue,  as  also  red 
and  green,  which  exhibited  the  Effect  quite  as  well  as  the  worsted. 
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I  am  satisfied  that  my  former  failures  were  due  entirely  to  my  not 
hayiog  been  able  to  obtain  colors  of  the  proper  shade  and  intensity. 
The  color  of  paper  is  generally  changed  by  moistening  it;  and 
many  specimens*  which  do  not  succeed  at  all  in  this  experiment 
when  dry,  succeed  perfectly  when  moistened  or  oiled. 

Exp.  5.  I  next  tried  the  experiment  with  the  colors  of  natural 
objects ;  and  found  that  the  red  of  certain  flowers,  combined  with 
certain  green  leaves,  exhibited  the  effect  in  question  very  handsome^ 
]y.  The  scarlet  flower  of  the  verbena  or  geranium,  combined  with 
the  green  leaves  of  lettuce,  succeeds  beautifully.  I  had  noticed  this 
effect  with  flowers,  previous  to  the  meeting  of  the  Association  at 
New-Haven. 

Hie  preceding  experiments  with  worsted,  cotton,  silk,  leather, 
paper,  and  natural  flowers  and  leaves,  appear  to  me  sufficiently 
varied  to  prove  that  the  effect  in  question  is  entirely  independent  of 
the  material  employed.  Color  alone  appears  to  be  the  essential  cir- 
cumstance. A  particular  shade  of  color  is  required,  and  also  a  certain 
intensity.  A  brilliant  red,  combined  with  its  C(»nplementary  color, 
will  always  produce  the  required  effect.  A  lustre  or  gloss  upon  the 
surface  interferes  somewhat  with  the  effect,  but  does  not  entirely 
destroy  it.  Such  a  result  might  have  been  anticipated,  because  the 
existence  of  gloss  implies  that  foreign  light  (which  of  course  is  not 
homogeneous)  is  reflected  from  the  siuface  in  question,  and  mingles 
with  the  light  emitted  from  the  body  under  experiment.  Of  course 
the  color  of  the  body  is  changed,  or  at  least  rendered  less  brilliant 
by  this  mixture. 

I  arrive  then  at  the  conclusion  that  the  wave-like  motion  which 
passes  over  a  small  red  figure  upon  a  green  ground,  when  gently 
agitated,  is  an  effect  of  brilliant  complementary  colors,  and  has  no 
connexion  with  the  nature  of  the  material  with  which  the  color  is 
associated. 

The  phenomenon  to  be  explained  in  the  experiment  of  the 
"  dancing  mice  "  is  this  :  When  a  green  figure  or  stripe  is  worked 
upon  a  red  ground,  and  the  card  gently  agitated,  a  shade  of  lighter 
green  appears  to  spread  over  the  whole  figure,  and  overlap  the  sur- 
rounding red  ground.  A  red  stripe  upon  a  green  ground,  when  agi- 
tated, appears  of  a  lighter  red  on  each  margin  alternately,  with  a 
deep  ^d  wave  oscillating  back  and  forth  at  each  motion  of  the  card. 

These  phenomena  are  believed  to  involve  the  following  principles : 
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• 

1.  The  continuance  of  impreseions  on  the  retina.  An  impression 
made  on  the  retina  lasts  for  an  appreciable  interval.  When  a  bright 
colored  figure  is  agitated  before  the  eye,  it  makes  an  impression  upon 
a  portion  of  the  retina  larger  than  that  covered  by  the  figure  at  rest. 
Thus  a  green  figure  upon  a  red  ground,  being  agitated,  appears  to 
overlap  the  surrounding  red  ground. 

2.  There  is  a  partial  and  transient  combination  of  the  complemen- 
tary colors.  While  the  impression  of  the  central  color  remains  upon 
the  retina,  the  same  portion  of  the  retina,  in  consequence  of  the 
motion  of  the  card,  receives  a  new  impression  of  the  surrounding 
complementary  color  :  in  other  words,  two  colors  which  are  com- 
plementary to  each  other  are  impressed  successively  upon  the  same 
part  of  the  retina,  the  new  impression  being  made  while  the  effect 
of  the  old  one  remains.  These  two  colors  partially  combine  fo  pro- 
duce, not  white  light,  but  a  much  lighter  shade  of  the  primitive  color. 
This  explains  the  experiment  with  the  green  figure  on  a  red  ground; 
and  it  explains  the  lighter  shade  on  the  margin  of  the  red  figure  upon 
a  green  ground.  But  the  red  stripe  upon  the  green  ground  exhibits 
the  remarkable  peculiarity  of  a  deep  red  wave  oscillating  from  one 
side  to  the  other  of  the  stripe,  at  each  motion  of  the  card.  In  order 
to  analyse  this  phenomenon,  I  tried  the  following  experiment  :    - 

Exp,  6.  When  I  used  a  broad  red  stripe  between  two  green  ones, 
the  change  of  color  was  confined  to  the  borders  of  the  red,  extending 
to  a  breadth  of  about  a  quarter  of  an  inch  ;  a  light  stripe  appearing 
on  the  upper  side  of  the  red  when  the  figure  was  depressed,  and  on 
the  lower  side  when  the  figure  was  elevated.  No  change  of  appearance 
could  be  observed  in  the  intermediate  red.  Hence  when  the  red 
stripe  is  only  a  half  inch  in  breadth,  there  is  the  appearance  of  a 
red  wave  transferred  from  one  edge  to  the  opposite,  at  each  motion 
of  the  card.  If  the  red  stripe  does  not  exceed  a  quarter  of  an  inch 
m  breadth,  the  effect  is  much  impaired ;  and  if  the  stripe  be  reduced 
to  less  than  one-tenth  of  an  inch,  the  wave-like  appearance  ceases 
entirely,  and  the  red  stripe  appears  constantly  of  a  very  pale  red. 

The  following,  then,  is  my  opinion  of  the  origin  of  this  deep  red 
wave.  The  red  color  appears  to  excite  the  retina  more  powerfully 
than  the  green,  and  its  impression  is  more  durable.  When  therefore 
I  place  a  red  stripe  upon  a  green  ground  and  agitate  it,  the  effect  of 
the  gi'een  ground  is  confined  to  a  narrow  margin  of  the  red  Btripe, 
not  generally  exceeding  a  quarter  of  an  inch  in  breadth.  Consequent- 
ly if  the  red  stripe  is  broad,  say  two  or  three  inches,  no  peculiar 
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eSect  is  produced  upon  the  central  part ;  but  a  band  of  pale  red, 
about  a  quarter  of  an  inch  in  extent,  is  seen  on  the  two  opposite 
margins  alternately.  If  the  breadth  of  the  red  stripe  does  not  exceed 
the  tenth  of  an  inch,  its  light  is  constantly  blended  with  that  of  the 
surrounding  green  ;  that  is,  it  appears  constantly  of  a  light  shade, 
and  there  is  no  appearance  of  a  dark  wave  passing  over  it.  When 
the  breadth  of  the  stripe  is  about  half  an  inch,  the  red  and  green 
colors  are  made  to  combine  on  the  opposite  margins  alternately ;  the 
dark  and  the  light  bands  succeed  each  other  on  the  same  part  of  the 
stripe,  and  the  appearance  is  that  of  a  wave-like  motion. 

Thus  the  two  well-known  principles,  first,  of  the  continuance  ci 
impressions  on  the  retina,  and  secondly,  that  complementary  colors 
combine  to  produce  white  light,  appear  to  explain  the  essential 
circumstances  of  the  phenomenon  in  question. 


16.  Case  of  thb  Tertiary  Rainbow.    By  C.  Harswbll,  Esq. 

[JNoi  received,] 


17.  The  Bearing  or  some  recent  Microscopical  Discoveries  on 
THE  present  Theories  of  Light.    By  Dr.  W.  I.  Burnett,  of 

Boston. 

[  Not  recehedJ] 
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18.  The  Effect  of  Heat  on  the  Perpendictjlaiutt  of  Bunker 
Hill  Monument.    By  Prof.  E.  N.  Horsford,  of  Harvard. 

Soon  after  the  pendulum  was  placed  in  Bunker  Hill  Monument,  it 
was  observed  that  the  ball  when  at  rest  was  not  always  over  the  same 
point  in  the  floor.  The  careful  consideration  of  all  the  conditions  of 
this  fact  resulted  in  ascribing  it  to  the  unequal  expansion  of  the  sides 
<^the  monument,  in  consequence  of  unequal  exposure  to  the  sun. 

6 


A.  BCATHBMATiOS  ANP  P0TSIC8. 

A  brief  deacriptioii  of  the  present  condilioii  of  the  nonumeiit 
will  aid  in  understanding  the  mode  of  observation  pursued. 

The  obelisk,  thirty  feet  square  at  the  base,  rises,  gradually  les- 
sening, to  a  pyramidal  summit  two  hundred  and  twenty-one  feet. 
Within  is  a  circular  well,  seyen  feet  in  diameter  at  the  bottom,  and 
five  at  the  top,  where  it  opens  into  a  chamber  or  observatory.  The 
chamber  is  approached  by  a  winding  stairway.  In  the  centre  of  the 
roof  of  the  chamber  is  an  iron  staple  which  was  securely  fixed  at 
the  time  of  placing  the  capstone.  It  served  at  first  to  support  m«r 
chinery  for  carrying  visitors  up  ond  down.  From  this  staple,  whidi 
is  over  the  centre  of  the  open  space  or  w^,  the  pendulum  is  sus- 
pended by  means  of  a  screw  clamp. 

From  a  point  in  the  floor  directly  below  the  index  attached  to  the 
ball,  circles  were  described  and  graduated,  and  radii  drawn. 

On  the  day  following  the  graduation,  the  index  was  found  to  be 
on  one  side  of  the  centre  of  the  circle.  As  the  screw  clamp  first 
employed  did  not  admit  of  adjustment,  a  new  apparatus,  with  the 
necessary  modifications,  was  substituted,  and  the  ball  brought  pre- 
cisely over  the  centre  of  the  graduated  circle. 

A  few  hours  later,  it  was  found  out  of  the  centre. 

Upon  observing  more  carefully,  it  was  found  during  clear  days 
that  the  motion  of  the  ball  in  the  morning  was  to  the  westward,  at 
noon  to  the  northwest,  and  at  evening  to  the  east.  It  was  further 
observed  that  on  days  when  the  sun  was  obscured  by  clouds,  that 
no  motion  of  the  ball  or  its  index  point  occurred.  It  was  still  fur- 
ther observed  on  one  occasion,  during  a  sudden  shower,  accompa- 
nied with  strong  wind  from  the  southeast,  at  about  three  o'clock  in 
the  afternoon,  to  move  in  the  space  of  a  very  few  minutes  a  quarter 
o£  an  inch  to  the  eastward.  Observations  at  seven  o'clock  in  the 
morning,  at  twelve  o'clock  at  noon,  and  at  seven  o'clock  in  the  af- 
ternoon, were  recorded  through  several  weeks,  and  no  doubt  re- 
mains that  a  cause  coincident  with  the  sun  in  its  progress  produced 
the  variation  of  the  perpendicular  in  the  znonument. 

A  fact  already  hinted  at,  fiirther  confirmed  this  conclusion.  The 
extreme  departure  of  the  ball  from  the  centre  was  to  the  west  of 
northwest ;  not  to  the  north,  as  might  at  first  glance  be  supposed. 
The  explanation  is  found  in  the  position  of  the  monument.  Its  sides 
do  not  face  the  cardinal  points,  but  are  inclined  about  20^.  The  ex- 
pansion of  a  single  side  would  produce  inclination  in  a  direction 
perpendicular  to  the  side.   The  expansion  of  two  adjacent  sides 
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would  produce  inclination  in  the  direction  of  the  diagonal.  In  the  \ 

morning  the  shaft  is  inclined  to  the  westward.  At  noon  it  is  inclined 
but  little  to  the  north  of  west.  In  the  progress  of  the  aflemoon,  it 
sweeps  over  twice  the  amount  of  movement  in  the  morning ;  de- 
scribing, in  the  twelve  hours  of  observation,  an  arc  of  an  ellipse. 

During  the  night  it  sets  back  to  the  centre,  and  before  seven 
o'clock  in  the  morning,  has  already  moved  westward. 

The  greatest  diameter  of  the  irregular  ellipse,  described  by  the 
index  in  twenty-four  hours,  is  ordinarily  less  than  half  an  inch,  while 
the  least  was  less  than  a  quarter  of  an  inch. 

It  would  not  be  difHcult  to  find  the  expansion  of  the  granite  to 
wbidi  this  movement  of  the  ball  corresponds.  In  the  simpler  case 
of  a  rectangular  shaft,  the  departure  of  the  ball  from  the  centre 
would  be  the  versed  sine  of  an  arc  (the  side  of  the  shaft),  of  which 
the  pendulum  was  the  sine.  The  difference  between  the  arc  and 
sine  would  be  the  expansion  of  the  granite. 

The  heat  of  the  sun  penetrates  to  but  a  moderate  depth.  This  is 
evident  from  the  prompt  movement  of  the  column  when  a  shower 
fells  only  upon  the  more  highly  heated  sides,  and  also  from  the  ready 
change  in  inclination  as  the  day  advances. 

The  effects  here  observed,  and  which  are  now  recorded  from  day 
to  day,  taken  in  connection  with  the  meteorological  record  of  Boston, 
Charlestown,  and  Cambridge,  cannot  fail  to  be  of  high  interest. 

The  expansion  of  granite  by  heat  had  before  been  observed.  Mr. 
Bond,  the  director  of  the  Cambridge  Obsen-atory,  noticed  its  effect 
on  his  transit  instrument  erected  in  the  temporary  establishment  at 
the  comer  of  Quincy  and  Harvard  streets.  The  instrument  rested 
on  two  granite  pillars.  In  the  morning  of  a  clear  day,  his  meridian 
mark  on  a  distant  hill  would  be  found  east  of  the  meridian  line  aa 
indicated  by  his  instrument ;  at  noon,  or  a  little  past,  coincident  with 
it ;  and  at  evening  west  of  it. 

Engineers  have  observed  it  in  long  walla  of  masonry.  It  can 
scarcely  be  doubted  that  we  have  memorials  of  it  in  the  ruins  of 
Balbec  and  Psestum,  of  Nimrod  and  Stonehenge ;  nor  can  we  ques^ 
don  that  it  has  played  a  large  part  in  the  destruction  of  cliffs,  or  the 
splitting  of  mountain  masses. 

The  mode  of  observation  at  the  monument  is  this  :  On  either 
side,  about  three-quarters  of  an  inch  from  the  centre,  under  the  in- 
dex of  the  ball,  two  slender  needles  have  been  driven  into  the  floor, 
leaving  not  more  than  the  sixteenth  of  an  inch  above.  These  are 
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made  by  pressure  to  pierce  a  card  of  thin  drawing  paper,  which  is 
kept  from  warping  by  slender  bars  of  lead.  When  fixed,  the  north 
and  south  and  east  and  west  lines  are  ti*ansferred  in  pencil  mark 
from  the  floor  to  the  paper.  After  bringing  the  ball  to  rest,  in  which 
the  observer  is  aided  by  a  contrivance  enabling  him  to  steady  his 
hands,  a  dot  is  made  with  a  pencil  immediately  under  the  index 
point,  which  is  about  the  sixteenth  of  an  inch  above  the  paper.  At 
the  close  of  the  day,  the  card  previously  dated  is  removed,  and 
another  takes  its  place  for  the  observations  of  the  next  day. 

It  is  a  grateful  duty  to  state  that  the  expense  of  the  necessary 
fixtures  at  the  monument  for  the  pendulum  experiment,  of  which 
advantage  has  been  taken  in  the  observations  here  referred  to,  has 
been  incurred  by  the  Massachusetts  Charitable  Mechanics'  Associa- 
tion. The  enlightened  liberality  of  the  directors  of  this  association 
is  only  equalled  by  the  generous  and  efficient  cooperation  of  the 
officers  of  the  Bunker  Hill  Monument  Association. 
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19.    On  the  Theory  of  the  so-called  Imponderables.    By 
Prof.  Joseph  Henry,  of  Washington. 

Prof.  Henry  stated,  that  in  studying  the  phenomena  of  matter,  we 
commence  with  observing  the  action  of  masses  upon  each  other,  and 
from  this  we  deduce  laws.  These,  with  regard  to  mechanical  philo- 
sophy, are  five  in  number,  viz.  the  two  laws  of  force,  attraction  and 
repulsion,  varying  with  some  function  of  the  distance ;  and  secondly, 
the  three  laws  of  motion,  viz.  the  law  of  inertia,  of  the  coexistence 
of  motions,  and  of  action  and  reaction.  Of  these  laws  we  can  give 
no  explanation  :  they  are  at  present  considered  as  ultimate  facts,  to 
which  all  mechanical  phenomena  are  referred,  or  from  which  they 
are  deduced  by  logical  inference.  The  existence  of  these  laws,  as 
has  been  said,  is  deduced  from  the  phenomena  of  the  operations  of 
matter  in  masses  ;  but  we  apply  them  by  analogy  to  the  minute  and 
invisible  portions  of  matter  which  constitute  the  atoms  or  molecules 
of  gases,  and  we  find  that  the  inferences  from  this  assumption  ara 
borne  out  by  the  results  of  experience. 
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Indeed,  the  minutest  portions  of  matter  must  be  endowed  with 
properties  analogous  to  masses  of  the  same  kind  of  matter.  An  at- 
tempt has,  however,  been  made  by  Boscovich  to  refer  all  the  mecha- 
nical properties  of  matter  to  portions  of  space,  filled  with  associated 
points,  endowed  with  attracting  and  repelling  forces,  varying  and 
alternating  with  changes  of  distances.  In  a  communication,  some 
time  since,  to  the  American  Philosophical  Society,  I  have  shown, 
says  Professor  H.,  that  this  hypothesis,  which  is  at  the  present  time 
adopted  by  many,  is  insufficient  to  explain  all  the  facts.  Matter  thus 
constituted  would  indeed  exhibit  the  phenomena  of  elasticity,  com- 
pressibility, porosity,  affinity,  etc. ;  but  it  would  not  exhibit  an  obe- 
dience to  the  three  laws  of  motion,  namely,  inertia,  the  coexistence 
or  composition  of  motions,  and  action  and  reaction.  We  must  there- 
fore superadd  to  the  hypothetical  points  of  Boscovich,  these  other 
conditions ;  but  in  so  doing,  we  arrive  at  a  constitution  of  matter 
precisely  similar  to  that  adopted  by  Newton,  namely,  a  system  of 
indivisible  and  indestructible  atoms  endowed  with  the  essential 
properties  of  matter  in  masses.  Indeed,  this  is  the  only  hypothesis 
which  we  can  adopt  in  strict  accordance  with  analogy,  reasoning 
from  the  known  to  the  unknown. 

Besides  the  phenomena  of  the  action  of  invisible  atoms  of  gases 
on  each  other,  we  have  a  large  class  known  under  the  general  name 
of  the  phenomena  of  the  imponderables.  This  name  has  been  given, 
because  it  is  supposed  that  it  is  necessary  to  refer  them  to  hypothe- 
tical fluids,  not  subjected  to  the  ordinary  laws  of  force  and  motion. 
The  term  imp<mderahle,  however,  expresses  a  quality  with  reference 
to  the  constitution  of  such  fluids,  not  warranted  by  the  facts.  A  mass 
of  air  poised  in  air  has  no  weight,  and  in  this  case  may  be  considered 
imponderable.  In  the  same  way,  if  we  suppose  an  elastic  medium  to 
pervade  all  space,  any  portion  of  this  will  be  imponderable,  even 
were  our  balances  sufficiently  delicate  to  detect  its  absolute  weight. 
The  existence  of  an  elastic  medium  pervading  all  space  is  assumed 
in  order  that  the  plienomena  of  light,  heat,  electricity  and  magnetism 
may  be  brought  within  the  category  of  the  laws  offeree  and  motion, 
and  that  we  may  be  able  to  apply  the  principles  of  analytical  me- 
chanics in  the  way  of  deducing  consequences  to  be  afterwards  tested 
by  an  actual  appeal  to  experiment.  Without  assumptions  of  this  kind, 
it  is  impossible  to  arrive  at  the  general  expressions  which  constitute 
science  in  the  proper  sense  of  the  term. 

It  is  not  necessary  that  a  hypothesis  be  absolutely  true,  in  order 
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that  it  may  be  adopted  as  an  expression  for  a  generalization  for  the 
purpose  of  explaining  and  predicting  new  phenomena  :  it  is  only 
necessary  that  it  should  be  well  conditioned  in  accordance  with 
known  mechanical  principles.  We  have  a  remarkable  instance  of  this 
in  the  Newtonian  theory  of  emission  of  light.  According  to  this,  light 
is  first  considered  as  consisting  of  atoms  of  matter  moving  with  im- 
mense  velocity,  but  subject  to  mechanical  laws.  The  inference  from 
this  assumption  is,  that  meeting  obliquely  a  reflecting  surface,  the 
atoms  will  rebound  as  would  a  perfectly  elastic  ball,  making  the 
angle  of  incidence  equal  to  the  angle  of  reflection.  This  fact  being 
established  by  experiment,  all  the  phenomena  of  reflected  light  are 
deduced  mathematically  as  mechanical  consequences  from  the  pri- 
mary assumption.  Again,  it  is  discovered  that  a  ray  of  light,  in 
entering  obliquely  a  new  mediumt  changes  its  direction  ;  and  this  is 
readily  explained  by  adding  to  the  previous  hypothesis  the  second 
condition,  that  the  atoms  of  light,  like  all  other  matter,  are  subject 
to  attraction,  and  that  they  are,  in  consequence  of  this,  accelerated 
or  retarded  in  velocity  at  the  moment  of  entering  the  new  medium. 
From  this  assumption  readily  flows  the  law  of  the  permanency  of 
the  ratio  of  the  sine  of  the  angle  of  refraction  to  that  of  incidence. 

In  the  progress  of  discovery,  it  is  further  found  that  a  ray  of  light 
is  separated  into  diflerent  colors ;  and  in  order  to  explain  this  agree- 
ably to  the  same  analogies,  we  are  obliged  to  admit  that  there  are 
different  kinds  of  atoms  of  light,  with  different  properties,  and  moving 
with  different  velocities.  Further,  it  is  discovered  that  light,  in  pass- 
ing by  the  edges  of  different  bodies,  produces  fringes,  and  other 
phenomena  known  by  the  name  of  diffraction.  To  explain  these, 
another  supplementary  hypothesis  must  be  added,  namely,  that  the 
atoms  of  light  are  alternately  attracted  and  repelled  by  the  variation 
in  their  distance  from  the  solid  body  near  which  they  pass.  Another 
class  of  phenomena,  denominated  by  Newton  fits  of  easy  refraction 
and  easy  reflection,  induce  the  assumption  that  the  atoms  of  light  are 
not  homogeneous  in  property  on  all  sides,  but  thaf  each  possesses  an 
attracting  and  repelling  pole ;  and  that  in  their  passage  through 
space,  they  are  constantly  revolving  on  axes  perpendicular  to  the 
line  joining  their  poles.  Again,  the  discovery  of  Mains  requires  an- 
other supplementary  hypothesis,  in  order  to  a  mechanical  conception 
of  the  phenomena  first  observed  by  him.  To  explain  these,  we  must 
admit  that  the  atoms  of  light  possess  different  properties  on  different 
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sided,  in  addition  to  difibrent  properties  at  different  ends.  But  now 
the  ori^nal  theory  of  emissioo,  at  first  a  simple  mechanical  concep- 
tion, becomes  so  loaded  with  supplementary  hypotheses,  that  as  a 
whole  it  is  unwieldy,  and  we  are  induced  to  look  for  some  other 
possible  hypothesis  which  shall  equally  well  connect  the  phenomena 
in  accordance  with  known  mechanical  principles,  and  not  be  subject 
to  the  same  charge  of  complexity.  Such  an  assumption  is  found  in 
the  present  received  undulatory  theory  of  light. 

In  reviewing  the  foregoing  sketch  of  the  rise,  growth,  and  aban- 
donment of  the  theory  of  emission,  we  see  that  an  hypothesis,  though 
not  absolutely  true,  may  serve  an  important  purpose  in  theway  of 
the  definite  conception  of  old  phenomena,  and  in  the  discovery  and 
prediction  of  new ;  and  indeed,  in  some  cases,  paradoxical  as  it  may 
appear,  a  false  hypothesis,  from  its  ease  of  application,  may  be  of 
more  use  than  one  which  is  absolutely  true.  Man,  with  his  finite 
faculties,  cannot  hope  in  this  life  to  arrive  at  a  knowledge  of  absolute 
truth ;  and  were  the  true  theory  of  the  universe,  or,  in  other  words, 
the  precise  mode  in  which  Divine  Wisdom  operates  in  producing 
the  phenomena  of  the  material  world,  revealed  to  him,  his  mind 
would  be  unfitted  for  its  reception  :  it  would  be  too  simple  in  its 
expression,  and  too  general  in  its  application,  to  be  understood  and 
applied  by  intellects  like  ours. 

It  may  be  asked  why  theories,  so  apparently  different  as  those  of 
emission  and  undulation,  should  both  lead  to  the  discovery  of  new 
truths  1  The  answer  is,  that  the  former  is  involved  in  the  latter,  and 
that  all  the  supplementary  hypotheses  we  have  mentioned  have  their 
representation  in  the  different  phases  of  wave-motion.  Thus  an  un- 
dulation is  reflected  in  the  same  manner  as  an  elastic  ball  :  a  change 
in  velocity  also  takes  place  in  the  undulation  on  entering  a  new 
medium ;  and  the  fits  of  Newton  arc  represented  by  lengths  of  waves, 
and  the  polarization  of  Malus  by  transverse  vibrations  reduced  to 
the  same  or  parallel  planes.  The  undulatory  theory  is  a  more  general 
expression,  and  contains  truths  which  are  not  to  be  logically  deduced 
from  the  theory  of  emission.  In  order,  however,  that  this  theory  may 
enable  us  to  discover  the  greatest  number  of  new  phenomena,  and 
assist  us  in  ascertaining  the  more  precise  relations  of  known  facts, 
it  is  necessary  that  all  its  parts  should  be  definitely  conditioned  with 
reference  to  established  mechanical  principles.  The  phenomena  of 
light  and  heat,  and  of  chemical  and  phosphorogenic  emanation  from 
the  sun,  by  strict  analog  letul  us  to  infer  that  something  possessing 
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inertia  and  obedience  generally  to  the  laws  of  force  and  motion  muBt 
exist  between  us  and  this  luminary.  All  the  phenomena  are  best 
explained  and  predicted  by  supposing  this  something  to  consist  of  an 
elastic  medium,  the  atoms  of  which  in  a  normal  state  are  distributed 
uniformly  through  space,  and  retained  in  position  by  attracting  and 
repelling  forces.  An  ethereal  medium,  constituted  in  this  manner, 
will  admit  of  vibrations  of  different  characters  and  of  different  forms : 
for  example,  if  an  impulse  be  given  to  an  atom  in  a  given  direction, 
it  win  cause  in  succession  a  motion  to  be  transmitted  to  the  series  of 
atoms  which  are  found  in  the  same  line,  and  thus  longitudinal  un- 
dulations will  be  produced ;  also  the  motion  of  the  atom  to  which 
the  impulse  is  given  will  cause  it  to  approach  the  atoms  of  the  me- 
dium on  the  sides  of  the  line  just  mentioned,  and  thus  rows  of  atoms 
on  all  sides  of  the  first  row  will  be  thrown  into  a  state  of  transverse 
vibration.  Similar  systems  of  vibrations  must  also  take  place  in  air ; 
but  such  is  the  constitution  of  the  human  ear,  that  it  takes  cognizance 
only  of  longitudinal  vibrations ;  and  such  the  function  of  the  human 
eye,  that  it  is  only  affected  by  transverse  undulations.  Besides  these, 
there  may  be  other  vibrations  compounded  of  the  two  ;  and  in  this 
way,  other  emanations  than  those  which  have  yet  been  observed  may 
be  conceived  to  exist. 

The  science  of  electricity,  as  left  by  Cavendish  and  ^pinus,  and 
as  expounded  by  Hauy  and  Robison,  was,  next  to  astronomy,  one  of 
the  most  perfect  of  the  physical  sciences.  All  the  known  phenomena 
of  statical  electricity  were  referred  to  the  mechanical  action  of  two 
species  of  matter ;  the  atoms  of  each  being  self-repellent,  and  attrac- 
tive of  the  atoms  of  the  other  :  one  of  these  is  called  the  electrical 
fluid,  and  the  other  ordinary  matter.  For  the  generalization  of  the 
same  phenomena,  Dufay  assumed  three  principles  :  two  species  of 
electrical,  and  one  of  ordinary  matter.  From  either  of  these  mecha- 
nical conceptions  could  be  deduced  all  the  facts  then  known. 

It  would  appear,  however,  that  the  tendency  of  the  present  day  is 
to  the  accumulation  of  facts,  rather  than  to  their  critical  examinadon, 
or  the  discovery  of  general  expressions  by  which  to  represent  them. 
Electricity  and  magnetism  at  the  present  time  consist  of  almost  a 
chaos  of  isolated  phenomena,  which  can  scarcely  be  called  scientific. 
Most  of  these,  however,  I  am  convinced,  are  capable  of  being  re- 
ferred to  the  theory  of  Franklin,  or  to  that  of  Dufay,  with  the  ad* 
dition  of  a  few  supplementary  hypotheses  analogous  to  those  which 
we  have  seen  were  added  to  the  theory  of  emission.  For  examplot 
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we  shall  be  obCged  to  admit  that  in  some  cases  inductive  effects  are 
propagated  wave-fashion ;  and  in  others,  that  a  change  in  the  con- 
dition of  the  ponderable  matter  plays  an  important  part.  Thus,  as  I 
mentioned  at  the  last  meeting  of  the  Association,  I  have  found  that 
in  the  discharge  of  a  Leyden  jar  through  a  metallic  wire,  a  series  of 
rebounds  between  the  inside  and  the  outside  of  the  jar  takes  place, 
precisely  in  the  same  way  as  the  equilibrium  would  be  restored  by 
a  series  of  waves,  were  a  quantity  of  air,  condensed  in  one  vessel, 
Buffered  to  discharge  itself  into  another  in  which  a  vacuum  previously 
existed.  During  this  discharge,  I  have  also  shown  that  a  series  of 
inductions  takes  place,  extending  to  a  surprising  distance  on  all 
sides  of  the  wire ;  and  as  these  are  the  results  of  currents  in  alter- 
nate directions,  they  must  produce  in  surrounding  space  a  series  of 
plus  and  minus  motions,  analogous  to,  if  not  identical  with  undular 
tioDs. 

Next,  that  a  change  in  the  condition  of  the  matter  itself  is  required 
for  the  explanation  of  certain  phenomena,  will  be  evident  from  the 
following  experiment  :  If  portions  of  the  same  current  of  galvanism 
be  sent  through  two  parallel  wires,  or  if  portions  of  the  same  dis- 
charge from  a  Leyden  jar  be  transmitted  simultaneously  through  two 
parallel  strips  of  platina  foil,  an  attraction  in  both  cases  will  be 
exhibited.  If,  however,  the  surface  of  a  large  circular  metallic  plate 
be  covered  at  intervals  with  short  needles  placed  parallel  to  each 
other,  and  a  discharge  of  electricity  be  sent  along  the  diameter  of 
the  circle  at  right  angles  to  the  needles,  on  examination,  they  will 
be  found  magnetized  with  different  degrees  of  intensity  :  those  in 
the  direct  line  of  the  discharge  will  exhibit  a  slight  degree  of  polar- 
ity, while  those  at  the  circumference  of  the  plate  will  show  a  much 
greater  amount  of  magnetic  force ;  proving  that  the  electrical  dis- 
charge, instead  of  passing  in  the  shortest  line  between  the  two  points, 
has  divided  itself  into  two  portions,  each  passing  at  as  wide  a  dis- 
tance as  possible  from  the  other.  This  phenomenon  is  in  strict  ac- 
cordance with  the  hypothesis  that  the  plate  has  been  traversed  by  an 
elastic  fluid,  the  particles  of  which,  being  self-repellent,  have  sepa- 
rated as  far  as  possible  from  each  other ;  and  it  can  therefore  be 
referred  to  the  action  of  a  fluid  coexisting  with,  but  independent  of, 
ordinary  matter ;  while  the  phenomenon  of  the  attract;ion  of  the  two 
parallel  conductors  before  mentioned  can  only  be  explained  by  a 
change  in  the  condition  of  the  gross  matter  itself,  combined  perhaps 
with  the  action  of  an  elastic  fluid.  I  ought  to  state  in  this  place  that 
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my  friend  Dr.  Hare,  from  purely  theoretical  considerations,  inde- 
pendent of  experiment,  has  arrived  at  a  similar  conclusion. 

There  is  another  phenomenon,  which  I  may  mention  as  producing 
a  change  in  the  properties  of  matter  during  the  instantaneous  passage 
of  an  electrical  discharge.  At  the  moment  of  the  passage  through  the 
atmosphere  of  a  discharge  of  electricity,  the  particles  of  the  air  are 
suddenly  endowed  with  a  surprisingly  energetic  repulsive  tendency, 
to  which  is  mainly  to  he  attributed  the  mechanical  effects  produced 
by  a  discharge  of  lightning  passing  through  a  building.  Also  in  the 
development  of  magnetism  in  a  bar  of  iron  or  steel,  a  change  takes 
place  in  the  ponderable  molecules  of  the  metal  :  this  is  evident  from 
the  fact,  that  at  the  moment  of  magnetization,  a  wave  of  undulation, 
capable  of  producing  an  audible  sound,  is  transmitted  along  the  bar; 
and  again,  when  the  iron  is  demagnetized,  if  the  expression  may  he 
allowed,  a  similar  change  in  the  position  of  the  molecules  is  indicated. 

In  the  explanation  of  the  statical  phenomena  of  electricity,  we 
may  either  adopt  the  hypothesis  of  one  or  of  two  fluids,  the  mecha- 
nical results  which  are  logically  deduced  from  either  being  the  same : 
in  the  case  of  the  former,  we  have  one  movable  and  one  fixed  prin- 
ciple ;  in  that  of  the  latter,  we  have  two  movable  fluids  and  a  fixed 
medium.  It  is  evident  that  the  mechanical  results  will  be  the  same 
in  the  two  theories,  provided  we  suppose  the  absolute  motion  of  the 
one  fluid  to  be  equivalent  to  the  sum  of  the  motions  of  the  two  fluids. 
Though  either  theory  may  be  adopted  with  reference  to  the  statical 
phenomena,  the  theory  of  one  fluid  is  more  readily  applicable  to  the 
facts  connectisd  with  electricity  in  motion,  and  particularly  that  part 
of  the  theory  which  assumes  the  activity  of  ordinary  matter  may 
hereafter  be  fruitful  in  new  deductions. 

The  discoveries  of  the  last  few  years  have  tended  more  and  more 
to  show  the  intimate  connection  of  all  the  phenomena  of  the  im- 
ponderables ;  and  indeed  we  cannot  avoid  the  conclusion,  forced 
upon  us  by  legitimate  analogy,  that  they  all  result  from  the  different 
actions  of  one  all-pervading  principle.  Take,  for  illustration,  the 
following  example  of  the  development  of  the  several  classes  of 
phenomena.  An  iron  rod,  rapidly  hammered,  becomes  red  hot,  or,  in 
other  words,  emits  heat  and  light.  The  same  rod,  insulated  by  a 
non-conductor  and  struck  with  another  non-conductor,  exhibits  elec- 
trical attraction  and  repulsion.  Again,  if  this  rod  be  struck  with  a 
hammer  while  in  a  vertical  position,  it  becomes  magnetic.  We  have 
here  the  evolution  of  the  four  classes  of  phenomena  by  a  simple 
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agitation  of  the  atoms.  We  cannot,  in  accordance  with  the  known 
simplicity  of  the  operations  of  nature,  for  a  moment  imagine  that 
these  different  results  are  to  be  referred  to  as  many  different  and 
independent  principles. 

If  we  refer  all  these  phenomena  to  one  elastic  medium,  it  will  be 
necessary,  in  order  to  explain  the  facts  of  electricity  and  magnetism, 
that  we  suppose  this  medium  to  be  capable  of  accumulation  or  con- 
densation in  certain  portions  of  space ;  and  of  being  lessened  in 
quantity,  or  rariiied,  in  other  portions  :  also,  that  in  its  return  to  its 
normal  condition,  an  actual  transfer  of  the  medium  takes  place.  It 
follows  from  these  assumptions,  that  the  fluid  withdrawn  from  one 
portion  of  space  must  leave  an  equivalent  deficiency  in  another  ;  or, 
in  other  words,  that  the  amount  of  positive  action  must  be  equal  in 
all  cases  to  that  of  the  negative.  Further,  since  it  appears  from  ob- 
servation that  the  ethereal  medium  can  only  be  condensed  or  ac- 
cumulated in  certain  places  by  the  insulating  powers  of  ordinary 
matter,  no  electrical  phenomena  can  be  exhibited  except  in  connec- 
tion with  such  matter  :  hence  electrical  action  can  not  be  expected 
in  the  regions  of  celestial  space. 

The  most  difficult  phenomena  for  which  to  invent  a  plausible 
mechanical  explanation,  connected  with  this  subject,  are  those  of  the 
attraction  of  the  two  wires  ti'ansmitting  a  current  of  electricity,  and 
the  transverse  action  of  a  galvanic  wire  on  a  magnetic  needle.  The 
theory  of  Ampere,  though  an  admirable  expression  of  a  generaliza- 
tion of  the  phenomena  of  electro-magnetism,  is  wanting  in  that  strict 
analogy  with  known  mechanical  actions  which  is  desirable  in  a 
theory  intended  to  explain  phenomena  of  this  kind. 

In  conclusion,  I  would  again  revert  to  the  importance,  in  the 
adoption  of  mechanical  hypotheses,  of  conditioning  them  in  strict 
accordance  with  the  operations  of  matter  under  the  known  laws  of 
force  and  motion  as  exhibited  in  time  and  space. 


20.  On  Electrical  Theory.    By  Dr.  Robert  Hare,  of  Phila- 
delphia. 

[Not  reGnved.] 
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rV.   ASTBOKOMY. 


21.  Observations  on  the  Eclipse  of  the  Sun,  July  28,  1851. 

By  Prof.  Philip  Ten  Eyck,  of  Albaby. 

Made  at  the  Albany  Female  Academy  >-Lat  42^  89'  12";  Lon.  1Z^  46'  84". 

h       m         • 

Beginning^    7    86    15,8    mean  time. 
End      -    -    9     19     15,9 
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Time.  The  beginniDg  was  observed  witb  an  independent  seconds 
watcb,  which  was  compared  with  Mulford  9c  Wendell's  clock  at 
6^  50*°  and  7^  50" ;  the  end,  by  my  own  pocket  chronometer,  com- 
pared with  the  same  clock  at  8^  25''  and  9^  30".  The  rate  of  the 
latter  was  nearly  the  same  as  the  clock's.  The  former  had  a  large 
rate,  but,  by  frequent  compaiisons  during  the  day,  was  found  to  be 
regular. 

The  error  of  the  clock  was  determined  by  transits  of  six  stars  on 
the  evening  of  the  26th,  one  on  the  29th,  and  two  on  the  31st.  The 
transit  of  Sirius  over  one  line  of  the  transit  instrument,  immediately 
after  the  eclipse  (10^  15*°),  made  a  difference  of -^  of  a  second  from 
the  mean  obtained  from  the  other  stars  :  but  the  heated  atmosphere 
made  the  meridian  mark  appear  so  unsteady,  that  this  was  not  used 
in  the  computation  of  time.  The  position  of  the  transit  instrument 
was  observed  before  and  after  each  transit,  and  it  is  not  probable 
that  the  time  is  in  error  over  half  a  second. 

Telescope  used.  Reflecting  Herschelian,  made  by  Holcomb  (Mass.): 
length  9  feet,  diameter  of  mirror  8  inches  clear,  which  was  contract- 
ed to  4,8  inches  to  observe  the  eclipse.  Single  lens  eye-piece ;  power 
52  in  diameter ;  dark  glass  pale  green.  My  small  Fraunhofer,  erect 
eye-piece,  power  28  ;  dark  glass  pale  purple. 

Latitude  of  the  Capitol,  by  observations  made  by  James  Ferguson  in  1839,  with 

Hasaler^s  repeating  reflecting  circle 42^  89'  13,71" 

By  triangulation  Academy  south 0     0     1,84 

Latitude  of  the  Albany  Female  Academy 42    89    11,87 

Longitude  of  the  Capitol,  according  to  Lieut  O.  Thorn,  by  chronometers,  from 

Cambridge  Observatory  (Masa)   4'»  66"  08,28»  or    78®  46'  49,2" 

Diflf.  0      0    01,01  0     0    16,8 

Longitude  of  Albany  Female  Academy,     4    66    02,27    or    78  46    88,9 
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22.  On  the  Solar  Eclipse  of  July  28,  1851.    By  Lieut.  C.  H. 
Datis,  U.  S.  N.»  Superintendent  of  the  Nautical  Almanac. 

« 

Lieut.  Davis  reminded  the  Association  of  a  communication  made 
hj  him  at  the  meeting  at  New-Haven,  concerning  the  solar  eclipse 
of  July  28  of  this  year ;  when  he  spoke  of  its  value  in  determining 
the  moon's  semidiameter,  and  of  the  tables  used  at  the  office  of  the 
Nautical  Almanac  for  determining  the  moon's  place. 

Those  tables,  it  must  be  remembered,  were  new,  and  never  before 
used  for  an  ephemeris.  They  were  intended  by  Airy,  in  their  origi- 
nal form,  as  given  in  the  volume  of  lunar  reductions,  to  be  an  exact 
expression  of  Flana's  theory,  but  had  never  been  employed  in 
practical  applications.  To  these  were  added,  under  the  immediate 
direction  of  Prof.  Peiece,  tables  embodying  Hansen's  long  inequa* 
titles,  and  Airy's  corrections  of  the  elements  of  the  lunar  orbit,  and 
of  some  of  the  principal  inequalities  which  he  had  derived  from  his 
discussion  of  the  whole  series  of  the  Greenwich  observations,  to- 
gether with  some  new  terms  to  which  this  discussion  had  led  him, 
the  existence  of  which  had  never  been  before  suspected,  although 
Hansen's  subsequent  investigations  have  confirmed  the  results  thus 
reached  by  an  empirical  process.  It  would  have  been  very  extra- 
ordinary if  tables  thus  obtained  had  not  proved  superior  to  Burck- 
hardt's  old  tables,  which  are  still  used  in  all.  the  European  epheme- 
rides ;  and  the  observations  of  the  present  eclipse  in  this  country 
have  strikingly  exemplified  this  superiority. 

The  chief  difference  in  the  results  given  by  the  two  tables  is  in 
longitude  :  the  other  differences  are  less  remarkable,  and  indeed  of 
slight  impoitance.  The  difference  in  longitude  amounts  to  eighteen 
seconds  of  an  arc  in  the  case  of  the  eclipse ;  and  the  difference  in 
time  for  the  phases  of  the  eclipse  was,  for  the  beginning,  rather  more 
than  a  minute,  and  for  the  end,  about  two-thirds  of  a  minute  :  and 
the  whole  of  this  great  difference  is  in  favor  of  the  new  tables,  as  is 
shown  by  all  the  observations  without  a  single  exception.  To  illus- 
trate this  point,  I  will  cite  the  beginning  of  the  eclipse  for  Cambridge, 
as  follows  : 

h     na     t 

Computed  by  Pains. 19  48  10 

"           *'    Amer.  Naut  Almonae  .  49  16,0 

Observed 49  86,8 
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On  the  very  day  of  the  eclipse,  I  received  from  Mr.  Miers  Fisher 
LoNGSTRETH,  of  Philadelphia,  a  formula  containing  corrections  of 
twelve  other  inequalities,  with  a  statement  that  he  had  examined  the 
remaining  inequalities,  and  found  that  they  required  no  correction. 
These  corrections  Mr.  L.  had  derived  also  from  Airy's  lunar  ob> 
servations.  The  method  by  which  these  corrections  were  obtained* 
what  they  are,  and  their  effect  upon  the  theoretical  computations, 
will,  I  hope,  be  communicated  to  the  Association  before  it  adjourns. 
I  may  say,  however,  that  there  was  no  doubt  entertained,  from  the 
way  in  which  they  were  computed,  that  they  would  be  an  improve- 
ment, though  the  admirable  agreement  diat  followed  could  never 
have  been  looked  for. 

Mr.  Davis  here  introduced  the  observations,  and  compared  tbem, 
making  comments  on  the  results,  and  concluded  with  expressions  of 
the  strongest  admiration  for  the  sagacity  and  invention  which  bad 
led  Mr.  Lonostreth  to  his  improvements  of  the  formula  of  the  lon- 
gitude, by  means  of  which  we  were  now  better  able  to  predict  the 
moon's  place  here  than  in  any  part  of  the  world. 


23.  AnniTioNAL  Notes  op  a.  Discussion  op  TroAL  Observations 

MADE    IN   CONNECTION   WITH    THE    CoAST    SuRVEY   AT  CaT  IsLAND, 

Louisiana.     By  Prof.  A.  D.  Bache,  Superintendent  U.  S.  Coast 
Survey. 

In  my  communication  on  the  subject  of  the  tides  at  Cat  Island, 
coast  of  Louisiana,  at  the  New-Haven  meeting  of  tlA  American 
Association,  I  showed  that  I  had  succeeded  in  decomposing  die 
curves  of  rise  and  fall  into  a  diurnal  and  semidiurnal  curve,  which 
were  nearly  curves  of  sines ;  the  diurnal  curve  having  its  maximom 
approximately  nine  hours  in  advance  of  the  first  maximum  of  the 
semidiurnal  curve,  and  the  interference  of  these  two  waves  producisg 
the  tidal  wave  as  observed.  The  comparison  of  the  curves  deduced 
from  the  observations  for  three  months,  and  the  computed  curves  of 
sines,  was  shown  to  be  satisfactory.  This  comparison,  made  as  before 
by  averages  of  periods  of  a  week  combined  into  one  general  mean,  has 
now  been  extended  to  the  whole  year,  as  shown  in  the  subjoined  table. 
By  increasing  the  maximum  ordinate  of  the  diurnal  curve  0,02  of  a 
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foot,  which  will  make  the  rise  and  fall  agree  more  nearly  with  the 
average  deduced  from  observation,  we  obtain,  as  shown  in  No.  2,  a 
resulting  curve  not  differing  in  any  ordinate  more  than  a  quarter  of 
an  inch  fi'om  observation,  and  in  which  the  positive  and  negative 
errors  nearly  balance,  and  the  mean  error  deduced  by  summing  the 
square  of  the  errors  is  little  more  than  one-eighth  of  an  inch. 

a 

TABLE  NO.  I. 

Showing  the  eomparison  of  diurnal  and  semidlnmal  curves  deduced  from 

observation,  with  curves  of  sines.  Diagram  No.  1. 
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Nothing  would  be  gained  in  closeness  of  representation  of  the 
result  by  displacing  relatively  the  two  tidal  waves.  It  is  only  re- 
markable that  in  averages  including  the  whole  of  the  tides,  even 
when  most  irregular,  the  results  are  so  satisfactory.  I  have  according- 
ly used  the  hypothesis  of  the  representation  of  each  wave  by  a  curve 
of  sines,  deducing  the  maximum  ordinate  by  computation  from  each 
observed  ordinate.  These  laborious  computations  were  made  by 
Alexanber  S.  Wads  worth  junior,  sub-assistant  of  the  Coast  Survey, 
and  by  Mr.  P.  B.  Hooe.  They  gave  tables  of  heights  of  the  diurnal 
and  semidiurnal  curve  for  each  day  of  observation,  which  form  the 
basis  of  the  discussion  of  the  heights.  The  next  step  after  de- 
composing the  curve  of  observation  into  diurnal  and  semidiurnal 
curves,  is  to  discuss  each  separately  to  ascertain  if  they  follow  the 
laws  deduced  from  them  in  regard  to  heights  and  times. 
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I.      DIURNAL   WATB   :   HEIGHTS   AND   TIMES. 

If  the  diuma]  curve  is  a  curve  of  sines,  then  the  ordinates  found 
for  each  hour  enable  us  to  determine  the  value  of  the  maximum  or 
six-hour  ordinate.  Setting  out  from  the  mean  line,  then,  we  have  for 
each  day  six  determinations  of  the  rise  or  fall  above  or  below  diat 
line.  Tables  were  computed  from  these,  in  which  the  daily  curves 
were  decomposed  into  their  diurnal  and  semidiurnal  components. 
In  making  these  tables,  the  very  irregular  tides  have  been  in  general 
omitted.  These  tables  were  arranged  according  to  the  moon's  de- 
clination, beginning  and  ending  with  the  days  on  which  the  declina- 
tion was  zero,  determining  the  maximum  ordinate  of  each  day  from 
zero  of  declination.  As  the  irregular  tides  occur  near  the  time  of  the 
moon's  passing  the  equator,  the  averages  of  the  heights  about  these 
times  are  deduced  from  a  less  number  of  observations  than  the  others, 
and  are  therefore  less  reliable.  The  follovring  table  gives  the  average 
heights,  with  the  number  of  days  from  which  they  have  been  deduced. 
No  advantage  resulted  from  displacing  the  epoch  of  the  moon's 
declination  relatively  to  the  day  of  highest  tide. 

TABLE  KO.  n.    (  Diagram  2.) 

Showing  the  value  of  the  maximmn  ordinates  of  the  diurnal  cnrre,  on  the  several 
days  from  zero  of  declination  of  the  moon  to  zero  again,  with  the  number  of 
days  from  which  the  results  are  deduced. 


Days  from  zero  of 
declination. 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10     11 

12 

13 

— 1 

1 

No.  of  observations 

HeightB 

0,33 

0,33 

0,82 

0,41 

0,59 

0,65 

0^78 

0,77 

0^87 

0,85J  0,77 

0.70 

0,58 

0,5 

Nat  sin.  2  X  moon's 
dedination. 

0,05 

0,11 

0.12 

0,24 

0,41 

0,46 

0,52 

0,58 

0,60 

0,59  0,54 

0.46 

a87 

The  dependence  of  the  height  of  the  diurnal  wave  upon  the  moon's 
declination  appears  by  comparing  the  lowest  line  of  the  table,  con- 
taining the  sine  of  twice  the  moon's  declination,  with  the  line  next 
above  it  :  it  is  also  shown  by  the  curves  of  Diagram  No.  2.  This 
agrees  with  Mr.  Whewell's  approximate  formula  for  the  diurnal  in- 
equality, namely,  <2A  =  C.sin23' ;  in  which  dh  is  the  difference 
in  height  of  two  consecutive  high  or  low  waters,  G  a  constant,  and 
6*  the  moon's  declination. 

The  yariation  of  this  same  height  with  the  aun's  declination  may 
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apparent  by  classif jing  the  heights  for  different 
otf*  tbe  son^s  declination  with  the  same  declination  of  the  moon. 
iMomb»g  taUe  contains  the  greatest  heights  of  the  diurnal 
daring  the  several  lunations  of  the  year,  with  the  values  of 
s  declination  and  of  the  moon*s  declination,  grouped  as  de- 
icribed  in  the  sereral  columns. 


TABLE  KO.  m.    (  Diagram  No.  8.) 
the  effect  of  ehange  of  6an*s  declination  on  height. 


be 

Ta. 

The 

cni 

the 


Xomber  of 
la]iali<W9 
in  group. 

Natural  rfne 

2  nioon^ 

dedination. 

Maxlronni 

ordinate 

diurnal  curve. 

Greater  than  70° 

5 

,572 

1.02 

70  to  60 

6 

,577 

0,99 

60  to  40 

6 

,565 

0,93 

40  to  20 

6 

,530 

0,94 

20  to  00 

4 

,550 

0,74 

The  e^ct  of  the  change  of  parallax  of  the  moon  may  be  shown 
satis&ctorily  by  grouping  the  values  of  the  heights  at  the  greatest 
southern  declination  of  the  moon,  and  for  the  greatest  northern  de- 
clination, for  the  year ;  comparing  them  for  slightly  varying  decli- 
nations of  the  moon,  for  mean  declinations  of  the  sun,  and  for  large 
variations  of  the  parallax.  The  result  is  as  shown  in  the  following 
table,  and  in  Diagram  No.  4. 

TABLE  NO.  IV. 
Showing  the  effect  of  change  of  moon's  parallax  on  height. 


Mvan  e4m» 
Xomber  of  1  i  tWMta'» 
reBulta.    |d4-<>!inali<»n 
both  teries. 

Mean  sine 

2  min's 
d(*<-linatioQ 
both  series. 

Mean 

paniUax 

corrvol.  for 

let  series. 

Moan 

I>anillax 

c»»iTvct.  for 

2a  porit-s. 

.Mt-an 
hoi^hl  for 

parallax. 

Mean 
hei|;:ht  for 

gn-aler 
paraUax. 

13^            59.4 

48,5 

62,9 

65,9 

0,74 

0,88 

The  parallax  correction  is  taken  as  the  cube  of  the  parallax  multi- 
plied by  the  sine  of  twice  the  moon's  declination. 

These  are  the  principal  variable  terms  in  the  formula  derived  by 
Mr.  Lubbock,  from  Bemouilli's  theory  of  the  tides,  for  the  diurnal 
inequality,  namely*, 

dh  =  B  [A.8in25.cos(4y— 9)  +  8in26'.cos4/]  ; 

in  which  dJi  is  the  difference  in  height  of  the  morning  and  evening 
tide,  B  and  A  are  constant  coefficients,  6'  is  the  moon's  declination 


*  Tranfiaetions  of  the  Royal  iSociety  of  London,  1836,  p.  223. 
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and  S  the  sun's  ;  ^}^  is  a  small  variable  to  be  added  to  the  mefan  luni- 
tidal  interval  to  give  the  interval  corresponding  to  the  moon's  age, 
and  9  is  the  hour  angle  of  the  moon  at  the  time  of  transit  The  se- 
cond term,  introducing  the  parallax  of  the  moon,  would  be 

»».pj..sin2(5'»; 

in  which  m  is  a  constant  coefficient,  P  is  the  mean  parallax,  and  P' 
the  parallax  at  the  time  under  consideration. 

In  the  application  of  this  formula  to  the  observations,  the  maxi- 
mum ordinates,  found  as  before  stated,  were  tabulated ;  and  first  the 
coefficients  were  deduced  from  the  cases  corresponding  to  the  maxi- 
mum of  the  sine  of  twice  the  moon's  declination  and  to  the  minimum 
of  the  sun's,  and  vice  versa,  neglecting  the  small  variations  due  to 
cos  (4^— 9)  and  cos  4^.  This  gave  the  following  values  for  the  co- 
efficients, and  the  two  sets  of  equations  derived  conformed  with  each 
other. 

TABLE  No.  V. 

Qhowin^  the  value  of  coefficients  deduced  from  maximum  sine  twice  moon's  de- 
clination and  minimum  of  sun's,  and  vice  versa;  neglecting  variations  due  to 

cos  (4' — <p)  and  cos  4^. 


B.cos4'. 

B.A.co8(4^— -9). 

First  six  months. . . 
Second  six  months. 
Whole  year. 

1,07 
1,00 
1,04 

0,43 
0,89 
0,62 

As  each  day's  results  are  referred  to  the  mean  level  of  the  day,  and 
the  mean  of  the  low  and  high  waters  is  taken  as  giving  the  height 
of  the  diurnal  tide,  the  constant  from  the  mean  level  of  the  whole 
should  not  appear  in  the  values.  In  beginning  these  researches,  I  did 
not  suppose  that  small  differences  would  come  out  of  them  such  as 
have  been  deduced.  The  reference  to  the  level  of  each  day  com- 
pensated in  a  degree  for  the  effect  of  an  entire  raising  or  depressing 
of  the  water  by  the  winds'  action. 

The  results  promising  success,  the  coefficients  were  deduced  by 
the  method  of  least  squares  for  the  first,  and  then  for  the  second  six 
months,  and  finally  for  the  whole  year.  These  laborious  computations 
were  made  with  much  skill  by  Mr.  W.  W.  Gordon,  of  the  Coast 
Survey.   The  result  for  the  second  six  months,  in  reference  to  the 


*  Lubbock's  Elementary  Treatise  on  the  Tides,  London,  1839. 
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coeffident  of  the  term  of  the  sun's  declination,  is  discrepant  fronv 
the  final  result ;  Imt  as  the  coefficients  fi>r  the  whole  year  were  used, 
after  endeavoring  to  trace  the  error,  if  any,  without  immediate  results, 
k  was  not  pursued  further. 

TABLE  NO.  VL 
Coefficient  of  cos  (4^^-9)9  dedoeed  from  method  of  least  sqnarefli 


B.C084'. 

B.A.co6(4/— 9). 

Fuvt  six  monthfl. . . 
Second  or  months. 
Whole  year. 

1,00 
0,90 
0,96 

0,26 
0,60 
0,24 

The  sum  of  the  positive  and  negative  quantities  balance  rather  better 
by  the  use  of  die  coefficients  from  the  first  method,  which  differs 
chiefly  in  the  coefficient  of  the  sun's  acdon. 

The  coefficient  of  the  first  term  of  dk  h  Bx  (A),  and  of  the  second 
term  B ;  and  it  will  be  seen  hereafter  in  discussing  the  semidiurnal 
tide,  that  (A)  is  0,364,  which,  with  B  X  ( A)  =  0,26,  gives  B  =  0,96. 
The  value  0,24  agrees,  therefore,  very  well  with  that  deduced  by  this 
different  process. 

A  set  of  tables  was  next  made,  containing  the  values  of  the  two 

terns  of  the  formula  for  each  day.  To  these  was  subsequently  applied 

p/« 
the  small  correction  for  the  parallax  from  the  term  -^ ;     and  the 

terms,  being  summed,  were  compared  with  the  observed  maximum 
ordinate,  and  die  difference  in  the  final  column  of  the  table  showed 
the  residual  to  be  accounted  for. 

For  these  tables  I  am  indebted  to  Lieut.  Trowbridge  of  the  Corps 
of  Engineers,  assistant  in  the  Coast  Survey.  The  tabular  quantities 
were  also  traced  in  curves,  and  dien  compared  with  the  maximum 
ordinates.  The  positive  and  negative  differences  are  usually  small, 
not  exceeding  in  the  average  about  0,12  of  a  foot,  and  are  quite 
irregular. 

The  irregularides  n^parent  in  the  phenomena  themselves  induced 
me,  in  first  commencing  diis  investigation,  to  hope  merely  to  be  able 
to  trace  the  phenomenon  generally ;  but  it  now  appears,  from  the 
character  of  the  results  obtained  from  the  averages,  that  the  dieory 
may  be  followed  much  more  closely  by  the  results  than  I  had  at  first 
supposed. 

The  accordance  of  observadon  and  theory,  after  the  corrections 
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kave  been  applied,  is  as  good  as  the  accidental  errors  of  the  separate 
results  render  necessary ;  as  will  be  seen  from  the  results  for.  July 
given  in  the  annexed  table,  and  for  July  and  part  of  August  as  given 
in  Diagram  No.  5  :  but  as  the  averages  seemed  to  indicate  that  the 
residuals  would  show  the  laws  of  the  phenomena,  I  discussed  them 
further. 

TABLE  NO.  Vn. 

Showing  I  the  value  of  maximuin  ordinates  of  the  diurnal  cnrve,  computed  from 
the  moon's  declination  and  parallax,  and  from  the  san^B  declination,  oomparodl 
with  oirdinates  from  observation,  for  ^e  month  of  July. 


I 


(PABT  or  ▲  TABLB  POR  THX  TSAR.) 


1 

1 

a 

• 

01 

DATS. 

B 

a 

•g 

a 

• 

to 

o 

a 

OB 

• 

CO 
CM 

o 

July! 
2 

1,48 
,93 

,66 
,59    , 

19 
19 

,60 
,17 

8 

,96 

,86    , 

19 

,48 

4 

,76 

,83 

19 

,26 

6 

,62 

,22    , 

19 

,17 

6 

,87 

,08 

19 

,10 

7 

,36 

,14    , 

19 

,12 

8 

,36 

,14    , 

19 

,08 

9 

,82 

,26    , 

18 

—,09 

10 

,62 

,84    , 

18 

,01 

11 

,66 

.42    , 

18 

.07 

12 

.15 

.47    , 

18 

,15 

13 

•  •  ■ 

,64    , 

18 

■  •  • 

14 

,78 

.52 

18 

,10 

16 

,73 

,63 

18 

,02 

16 

,62 

.66 

18 

-,10 

17 

,89 

,63    , 

17 

,19- 

18 

,93 

,48    , 

17 

,29 

19 

,61 

,40    , 

17 

,06 

20 

,62 

,16    , 

17 

,20 

21 

,6'7 

,00 

17 

,40 

22 

,41 

,02    , 

»17 

,22 

23 

,66 

,83 

47 

,07 

24 

,66 

,46    , 

,17 

,05 

25 

,61 

,66 

,16 

—,08 

26 

,77 

,63 

,16 

,00 

27 

,90 

,65 

,16 

,12 

28 

,86 

,65 

,16 

,08 

29 

,90 

,66 

,16 

,10 

80 

,90 

,48 

,16 

.27 

31 

.69 

,37 

,16 

,18 

In  looking  for  an  explanation  of  the  irregularities  to  the  terms 
(4/ — 9)  and  ^]y,  the  residuals  were  classed  according  to  the  moon's 
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age»  and  the  averages  taken  for  the  separate  hours.  The  result  of 
these  tables  is  given  in  that  annexed,  which  shows  the  residual  for 
each  six  months  and  for  the  year.  I  have  introduced  them  for  the 
half  year,  to  show  fhat  the  same  law  is  deducible,  notwithstanding  the 
irregularities  of  the  individual  results,  from  the  observations  for  each 
six  months. 

TABLE  No.  Vin.    (Diagram  No.  6.) 

Showing  the  residuals  from  the  comparison  of  computed  and  observed  ordinates 
of  diurnal  curves,  classed  according  to  the  ages  of  the  moon. 


Hours  of  moon's 
transit. 

BiaiDFAUS. 

First  six  months. 

Second  six  montlia. 

Mean. 

04 
14 
24 
84 
44 
5^ 
64 
1h 
Sh 
9* 
10* 
11* 

,23 

,n 

.15 

,16 
,16 
,08 
,06 
,08 
,13 
,12 
,09 
.19 

,21 

,12 

,15 

.12 

,00 

—,03 

—,03 

—,02 

,0i 

,12 

,14 

,14 

,22 
,13 
,15 
,13 
,08 
,02 
,01 
,03 
,08 
,12 

,11 

,16 

These  residuals,  instead  of  following  the  law  of  008(4/—^),  follow 
that  of  cos(24^— 2^),  or  that  of  the  semidiurnal  curve. 

Before  examining  this  result,  which  is  shown  in  Diagram  6,  I  pass 
to  the  residual  which  is  found  hy  carrying  on  the  former  table  to 
23 J  hours  ;  which  was  in  fact  the  form  of  the  table  before  the  de- 
velopment of  the  law  of  variation  showed  that  the  term  for  12  J  hours 
belonged  to  Oj,  instead  of  11  J,  with  which  it  would  agree  if  the  law 
of  cos(4' — (f>)  were  followed.  The  following  table  contains  the  re- 
siduals in  question,  shown  also  in  Diagram  No.  7. 
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TABLE  NO.  IX. 

Showing  residaals  after  deducting  those  following  law  of  change  of 

G08(24/  — 29). 


Keddudt. 

Boldinli. 

Mem. 

ko«n 

bH. 

bcmiib 

fMC 

04 

-,<yt 

234 

-.01 

li 

—,02 

224 

—,01 

H 

.01 

214 

.01 

H 

,08 

204 

,08 

4) 

,00 

194 

,02 

6* 

,01 

isj 

,04 

«4 

,06 

1?1 

,08 

74 

,04 

i«4 

,09 

84 

.07 

164 

,04 

»4 

,08 

144 

,00 

104 

—,08 

184 

,08 

"4 

.08 

124 

,06 

Mean 

....  ,08 

i 


The  existence  in  the  first  residuals  of  the  law  belonging  to  the 
semidiurnal  curye  indicates  that  the  separation  of  the  two  curves 
(diurnal  and  semidiurnal)  is  not  complete,  as  indeed  the  hypothesis 
of  a  constant  difference  in  time  between  the  recurrence  of  the  two 
maxima  requires.  Before  undertaking  to  modify  this  hypothesis,  I 
proceeded  to  inquire  whether  these  numbers  would  receive  modifica- 
tion from  any  other  source.  In  examining  the  hypothesis  that  the 
component  curves  were  curves  of  sines»  a  separation  of  the  several 
hourly  ordinates  was  necessary,  and  thus  the  four  points  at  which 
the  curves  for  twenty-four  hours  cross  the  line  of  mean  level  were 
brought  into  consideration  each  day.  Two  of  these  points  varied 
necessarily  considerably  in  position,  while  the  two  twenty-four  hours 
apart  were  regular.  Having  found  that  the  curves  of  sines  represent 
very  nearly  the  observations,  the  law  thus  obtained  may  be  used  in 
computing  horn  all  the  hourly  observations  of  the  day  the  values  of 
the  maximum  ordinates  for  each  curve ;  forming  the  ordinates  of  the 
observed  curve  into  groups  containing  respectively  the  same  positive 
and  negative  values  of  the  ordinates  of  the  diurnal  curve,  and  again 
of  the  semidiurnal,  arranging  the  groups  fior  the  consecutive  twenty- 
four  hours.  It  was  soon  apparent  that  the  ordinates  for  the  semi- 
diurnal  curve  would  in  this  way  prove  more  considerable,  in  the 
average,  than  in  the  former  mode  of  computation,  and  that  the  results 
would  be  more  regular;  that  the  ordinates  of  the  diurnal  curve 
would,  on  the  average,  be  slightly  diminiahed,  and  in  general  prove 
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more  regular.  These  revised  tables  have  been  prepared  chiefly  by 
Mr.  W.  W.  Gordon  and  Mr.  P.  B.  Hooe.  They  show  on  the  average 
of  the  year  a  diminution  of  the  maximum  ordinates  of  the  diurnal 
curve  of  0,04  foot,  and  an  increase  of  the  maximum  ordinates  of  the 
semidiurnal  curve  of  0,07  foot. 

Classifying  the  corrections  according  to  the  moon's  age,  though 
they  are  irregular,  it  is  apparent  that  there  were  entangled  in  the 
values  of  the  former  computed  maximum  ordinates,  heights  which 
belonged  to  the  semidiurnal  curve.  The  table  of  corrections  for  the 
two  periods  of  six  months,  and  for  the  year,  is  given  below. 

TABLE  NO.  X 

Showing  the  difference  of  maximum  ordinates  of  diurnal  cnrvefl,  as  computed  hy 
the  last  method  of  groups,  and  bj  that  first  applied. 


narrnntinTi  nf  tniiTlinnm  nrrilnAiM  illnma]  mii'VM. 

Time  of  mooD^ 

transit. 

Pint  6  months. 

Seoond  6  months. 

Mean  of  year. 

boan. 

feM. 

fMt 

lMt< 

Oi 

—,10 

—,06 

—.08 

H 

+,08 

+.08 

+.08 

H 

—^08 

-,02 

— ,05 

H 

—.08 

—,09 

-,08 

*i 

—,08 

-.09 

—,08 

6i 

—.08 

—,05 

-.04 

H 

—,02 

-,02 

-,02 

H 

—,05 

+,02 

-.01 

H 

+.01 

+,02 

+>01 

9i 

—,05 

—.08 

-.04 

lOi 

— ,08 

—,08 

—,05 

111 

—,08 

—.04 

—.08 

A  consideration  of  the  general  formula  for  the  height  indicates  a 
second  correction.  The  height  of  high  water,  as  given  by  the  formula, 
is  not  the  sum  of  the  two  greatest  heights  of  the  diurnal  and  semi- 
diurnal tides.  The  hypothesis  of  the  interference  of  the  two  waves 
makes  the  high  water  the  sum  of  two  ordinates  (neither  of  which  is 
the  maximum),  depending  upon  the  laws  of  increase  and  decrease 
of  the  curves  respectively,  and  of  the  relative  position  of  the  two 
ordinates.  The  correction  due  to  this  cause  is  readily  found.  The 
part  of  it  which  belongs  to  the  diurnal  curve  will  be  the  difference 
between  D  and  D .  cos(^— E) ;  where  E.  according  to  the  hypothesis 
of  the  interference  of  the  two  waves,  is  9  hours ;  and  t  is  the  value 
for  the  maximum  ordinate  of  the  compound  curve,  namely  ( Proc. 
Amer.  Assoc.  Cambridge  Meeting,  page  289), 
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cosec^  —  sec^  = 


4C 


This  value  of  t,  containing  C  (the  maximum  ordinate  of  the  semi- 
diurnal curve),  shows  that  the  quantity  will  vary  with  the  time  of  the 
moon's  transit,  according  to  the  half-monthly  inequality  of  the  height. 
Following  the  course  which  I  have  taken  throughout  this  communi- 
cation to  give  the  resulting  tables  merely,  I  subjoin  the  corrections 


thus  derived  from  the  tables  for 


from  observation,   the  com- 


puted values  of  t,  and  of  D.cos(^— E).  The  agreement  of  the  ge- 
neral form  of  this  correction  with  theory  is  a  new  confirmation  of 
the  values  of  the  quantities  C  and  D,  deduced  from  obsei-vation, 
which  it  contains. 

TABLE  NO.  XI. 

Showing  correction  to  lieifijht  of  the  diurnal  wave  for  difference  of  maximum 
ordinate,  and  of  high  water  ordinate  in  compound  curve. 


Correction  to  maximum 

Time  of  moon's  transit 

ordinate  diurnal  curve. 

boar*. 

re«L 

Oi 

—.03 

n 

—,05 

2i 

—,03 

Si 

—,04 

41^ 

—,04 

6h 

—,07 

6i 

—,08 

7* 

—,07 

8i^ 

—,06 

9i 

—,05 

lOi 

—,06 

lU 

—,04 

The  correction  furnished  by  the  last  two  tables,  and  the  corrected 
residual  from  the  table,  are  given  in  Table  No.  12  next  following. 
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TABLE  NO.  Xn. 

Showing  residuals  after  correcting  for  new  compntations  of  ordinatee^  and 
difference  between  high  water  and  maximum  ordinateSb 


■ 
Time  of  moon*8 

Correction  of 

Corrected 

transit 

reaidaaL 

BesiduAl. 

residual. 

bourn. 

feet 

feet 

(en. 

01 

-,11 

,22 

,11 

1* 

-,02 

,13 

,11 

H 

-.08 

,15 

,07 

H 

-12 

,13 

,01 

H 

-,12 

,08 

-04 

Bi 

—  11 

,02 

—,08 

6l 

-,10 

,01 

—.08 

H 

-,08 

,03 

—,05 

6i 

—,05 

,08 

,03 

9l 

—,09 

,12 

,03 

loi 

—,10 

,11 

,01 

Hi 

-07 

,16 

,09 

+.21 

Meai 

1 ,017 

Comparing  the  residuals  in  this  table  with  the  uncorrected  ones/ 
we  find  their  magnitude  much  decreased  :  the  average  is  now  less 
than  0,02  of  a  foot :  but  the  form  of  the  series  is,  as  before,  that  be- 
longing to  the  semidiurnal  curve,  and  is  as  well  marked  as  when  the 
quantities  were  more  considerable.  Diagram  No.  6  shows  this  fact ; 
containing  the  curve  of  residuals  from  Tables  8  and  12,  and  of  half- 
monthly  inequality  deduced  from  the  observations.  This  persistence 
in  the  form  of  the  residuals  affords  the  best  evidence  that  the  ir- 
regularities of  the  observations,  and  changes  in  the  mode  of  com- 
putation, do  not  introduce  errors  of  sufHcient  magnitude  to  mask  the 
laws  of  the  phenomena.  I  propose  therefore  to  modify  the  original 
hypothesis,  so  as  if  possible  to  obliterate  this  form  in  the  residual. 

Some  collateral  questions  have  been  examined  in  the  course  of 
this  discussion,  the  results  of  which  are  interesting.  One  of  these  is 
the  comparison  of  the  maximum  ordinates  of  the  diurnal  curve,  cor- 
responding to  the  moon's  declination  north  and  south.  The  average 
value  of  the  sine  of  twice  the  moon's  declination,  and  the  correspond- 
ing average  maximum  ordinate  for  northern  and  southern  declina- 
tions, are  shown  in  the  next  table;  from  which  it  appears  that  if  the 
values  of  sin  2  6'  were  equal,  the  heights  would  not  differ  appreciably. 
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TABLE  NO.  Xra. 

(Showing  the  mean  value  of  twiee  the  moon's  declination,  and  the  corresponding 
maximum  ordinates  for  northern  and  southern  declinations. 


Sine  26'. 

MBxImam  ordinate. 

Sine  2d'. 

BCaximiim  ordinate. 

,410 

,621 

,861 
,410 

,688 
,629 

Another  question  was,  whether  the  residuals,  of  which  Table  No. 
7  shows  a  part,  contained  any  portion  which  varied  vnth  the  moon's 
declination.  To  test  this,  the  residuals  for  six  months  were  grouped 
according  to  the  declinations,  with  the  following  result. 

TABLE  NO.  XIV. 

Containing  the  residuals  after  subtracting  the  terms  containing  the  sine  of  twice 
the  moon's  declination,  and  the  sine  of  twice  the  sun's  declination,  from  the 
maximum  ordinates,  grouped  according  to  the  values  of  the  sine  of  twiee  the 
moon's  declination. 


Average  value  of  twice  sine  moon^s  declination. 


Groups. 

Average  value. .. . 
No.  of  observations 


0  to  20 
,161 
(33) 


20  to  86 
.147 
(27) 


86  to  46 
,169 
(26) 


46  to  66 
,116 
(44) 


66  to  70 
.167 
(37) 


The  result  indicates  that  there  is  no  such  term  remaining  in  the 
residual. 

Another  question  was,  as  to  whether  changing  the  epoch  would 
improve  the  results.  Several  attempts  of  this  kind  were  made  at 
different  stages  of  the  work,  but  without  any  marked  advantage. 
The  average  result  for  the  year,  as  shown  by  comparing  the  dates 
of  occurrence  of  the  greatest  and  least  maximum  ordinate  of  the 
diurnal  curve,  and  the  greatest  and  least  values  of  the  term  containing 
tlie  moon's  declination,  is  shown  in  the  next  table.  The  comparison 
is  made  in  two  different  ways  :  first,  by  the  date  of  the  greatest 
value  of  the  ordinate  shown  in  the  table  of  maximum  ordinates ;  and 
second,  by  the  date  shown  by  the  highest  point  of  the  curve,  which 
was  traced  to  represent  the  observations. 
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TABLE  NO.  XV. 

Showing  results  of  oomparison  of  dates  of  occurrence  of  the  greatest  and  least 
msximum  ordinate  of  the  diurnal  curre,  and  the  greatest  and  least  value  of 
term  containing  the  moon's  declination. 


DA3X  OF  OOCUBREMOE — AVKKAOE  IN  DATS. 

Mudanim 

ordinate 

fttMntaUe. 

Maxtmnm 

ordinate 

firomcurre. 

Term  em- 
bracing son 
and  moon's 
declination. 

Minimum 

ordinate 

from  table. 

Minimum 

ordinate 

from  curve. 

Termoon- 
tainlng  sun 
and  moon's 
deellnati<m. 

15,4 

16,1 

16,0 

16,6 

16,6 

16,0 

Ttie  times  of  occurrence  of  the  maximum  of  the  diurnal  curve  are, 
as  I  have  already  stated,  connected  by  the  hypothesis  with  those  of 
the  semidiurnal  curve.  The  times  deducible  from  the  observations 
were  so  irregular,  that  I  supposed  it  impracticable  to  do  more  than 
this.  Notwithstanding  all  these  irregularities,  it  turns  out  that  the 
laws  of  the  phenomena  for  the  times  are  deducible  from  the  results. 
The  average  values  follow  those  for  the  semidiurnal  curve  at  the 
proper  intervals.  It  will  be  practicable,  therefore,  to  resume  the* 
examination  of  this  part  of  the  subject,  which  I  accordingly  purpose 
to  do. 


II.      SEMIDIURNAL    CURVE. 


The  results  in  relation  to  the  semidiurnal  curve  have  exceeded  my 
anticipations.  The  half-monthly  inequality,  both  in  height  and  time, 
is  very  well  shown  by  the  maximum  ordinates  deduced ;  though  the 
greatest  value  of  the  height  is  only  0,22  foot,  and  the  irregularities 
in  the  separate  observed  high  waters  fall  upon  hours  instead  of  mi- 
nutes. In  the  following  table,  the  maximum  ordinates  obtained  by 
the  method  of  groups  are  used,  and  the  small  correction  for  the 
difference  between  maximum  and  high  water  ordinates  is  omitted. 
The  table  contains  the  tiipe  of  the  moon's  transit  corresponding  to 
the  observed  height;  and  the  height  computed  from  the  formula 
given  by  Mr.  Lubbock  as  resulting  from  Bemouilli's  theory,  and  the 
difference  between  observation  and  theory. 


108 


A.  MATHEMATICS   AND  PHYSICS. 


TABLE  NO.  XVL 

Showing  half-monthly  inequality  in  height 


o— C. 

Hours  of 

Observed 

Computed 

Dlff.  of  observed 

moon's  transit 

height 

height 

and  computed. 

Oi 

,220 

,223 

—,003 

U 

,196 

,206 

—,016 

2i 

,199 

,174 

,025 

3i 

,147 

,131 

,016 

4i 

,132 

,087 

,045 

5i 

,074 

,066 

,018 

6i 

,047 

,056 

—.009 

n 

,074 

,087 

—,013 

H 

,113 

,131 

—,018 

H 

,135 

,174 

—,039 

10* 

,133 

,206 

—,073 

lU 

,189 

•   ,223 

—,034 

The  greatest  difference  between  observed  and  computed  heights 
is  0,073,  and  the  least  difference  0,003  ;  and  the  mean,  without  re- 
gard to  sign,  is  0,066.  Diagram  No.  8  shows  the  observed  and  com- 
puted curves  of  half-monthly  inequality  of  heights.  The  average 
interval  corresponds  to  2"*  35*"  of  the  moon's  transit;  which  is  there- 
fore the  zero  point,  or  epoch  of  the  half-monthly  inequality  in  the 
interval. 


The  intei*val  corresponding  to  the  moon's 

h  m 

transit  at  3  30 

for  9  30 


« 


h 

m 

is 

11 

45 

(1 

13 

05 

I 


Diff.  is     1  20 


which,  converted  into  arc,  is  20°. 


Log  tan  20°  =  log  (A)  =  9,56107  : 


J-  =  2,747 ; 


(A)  =  0,364; 

which  is  nearly  the  same  as  that  obtained  by  Mr.  Lubbock  for  Li* 
verpool.     The  difference  between  the  greatest  and  least  heights  it 


(0,220—0,047)  =  0,173.  E  = 


0,173 

2(A) 


=  0,238  : 


also  the  greatest  height  0,220  =  D-f  (E)  X  (1-f  A)  =  D-f  0,325 ;  an 
D  =  —0,10. 


Since 


m' 


_  (0,07480)*  _  _2_ 
«,/-|_M  -        (A)         ""  65106' 


M 


64,06 


1^ 


13 


it 


Diagram  No.  9 


-■  'f 


ineifuaHty    irv  time    'from/  abseryation   and/  by  theory. 


Frcni  the  f}trmu7u 


—  —  from  observation    (ttteon  iitrvesj 


._.i 
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For  the  half-moDthly  inequality  of  the  intervals,  we  have 

*  or—      (A)X8in2(p   •  _      0,364 X sin 2 <p     ^ 

tang    4.  —  i+(A)xco82(p  ""  l+OJaeTxcosS^ ' 

snd  in  the  heights, 

h  =  -.0,10+(E)x(A)xco8(24.-2(p)+(E)  00824/ 
=  — 0,10+0,087X008(24^— 29)+0,238xcos24.. 

The  following  table  contains  the  half-monthly  inequality  of  times 
deduced  from  the  observations,  and  computed  from  the  formula  for 
tang  2  4^,  and  the  comparison  of  observed  and  computed  quantities. 

TABLE  NO.  XVIL 

Slowing  differences  between  the  results  obtained  from  the  observations  and  from 

formula. 


Mean  flrom  obeerration  12,85. 

9 

+ 

C. 

From 

formula. 

0. 

From 

obsorvation. 

0- 

+ 

m. 

04 

-C. 

m. 

b.    m. 

0  30 

h.    m. 

0  08 

b.     m. 

12  27 

h.      m. 

12  31 

1  30 

23 

12  12 

12  31 

19 

2  30 

36 

11  69 

11   19 

40 

3  80 

42 

11  53 

11  45 

08 

4  30 

38 

11  57 

12  03 

06 

5  30 

17 

12  18 

12  24 

06 

6  30 

17 

12  62 

12  38 

14 

1  30 

88 

18  13 

13  09 

04 

8  30 

42 

13  17 

13  27 

10 

9  30 

36 

13  11 

13  06 

06 

10  30 

23 

12  58 

13  06 

07 

11  30 

08 

12  43 

13  06 

22 

f74— 72 

12**  35"  not  being  the  exact  mean  of  the  observed  times,  the  -}-  and 
—  differences  do  not  balance  exactly. 

Diagram  No.  9  shows  the  observed  and  computed  results.  The 
greatest  and  least  heights  correspond  with  the  average  interval,  as 
they  should  do  by  Bernouilli's  theory.  The  mean  lunitidal  interval 
corresponds  to  O''  23",  which  shows  that  a  change  of  epoch  of  one 
transit  would  have  made  the  niean  interval  agree  with  the  transit  at 
0  hours. 
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24.    On  the  Atmospheric  Envelopes  of  Venus  and  otheb 
Planets.    By  Prof.  Stephen  Alexander,  of  Princeton. 

Prop.  Alexander  made  a  brief  allusion  to  the  observations  of 
Bianchini,  Cassini  and  Schroter,  on  the  spots  and  other  phenomena 
presented  by  Venus ;  especially  the  extensive  illumination  beyond  a 
hemisphere,  which  is  most  distinctly  visible  when  the  planet  is  near 
to  its  inferior  conjunction.  He  mentioned  various  instances  in  which 
he  had  himself  observed  this  latter  phenomenon ;  and  remarked, 
moreover,  that  the  intensity  of  it  was  far  too  great  to  be  attributed 
to  a  twilight  produced  by  the  planet's  atmosphere,  he  having  dis- 
tinctly seen  it  when  the  planet  was  If  ^  from  the  sun's  limb.  If,  with 
Herr  Madler,  it  were  attributed  to  an  actual  illumination  of  the  sur- 
face by  refraction,  the  extent  of  the  refraction  might  be  computed  in 
the  manner  stated  by  Herr  M.  in  the  Astronomische  Nachrichten. 
Prof.  A.,  however,  noticed  an  oversight  of  Herr  Madler  with  respect 
to  one  of  the  angles  in  question.  Correcting  this,  the  result  of  Herr 
Madler's  own  observations  would  be  about  1^  times  that  which  he 
had  given  in  his  paper  in  the  Ast.  Nachrichten  already  referred  to. 
Prof.  A.'s  own  results  would,  nevertheless,  indicate  a  refiractioii 
nearly  or  quite  the  double  of  that  obtained  from  Herr  Madler's 
observations.  He  remarked  that  this  might  very  well  be  attributed 
in  part  to  the  irregrular  action  of  the  planet's  envelope,  which  some- 
times seemed  to  vary  greatly  from  one  day  to  another ;  although  the 
mean  of  his  observations  for  1839  would  agree  very  well  with  that 
resulting  from  those  of  1850  and  1851. 

Prof  Alexander  proceeded  to  remai'k  upon  the  peculiar  state  of 
the  envelope,  which  these  irregularities  seemed  to  indicate;  and 
made  other  comments  upon  the  state  of  the  envelopes  of  Mercury, 
Mars,  Jupiter  and  Saturn,  and  alluded  to  various  phenomena  pre- 
sented by  these  and  by  the  asteroids  :  from  all  which,  he  drew  the 
conclusion  that  the  envelopes  of  the  asteroids  approached  to  the 
nebular  state ;  that  the  same  was  true,  to  an  inferior  degree,  of  Mars ; 
that  the  envelopes  of  Mercury  and  Venus  were  still  in  a  very  un- 
settled state,  and  those  of  Jupiter  and  Saturn  had  very  great  density. 

He  recalled  attention  to  a  statement  which  he  had  made  to  the 
Association  at  its  meeting  in  Philadelphia  in  1848,  having  reference 
to  the  possibility  of  a  mechanical  action  of  the  envelope  of  a  planet 
upon  some  portion  of  the  light  which  passes  very  obliquely  through 


ABTBOJXOUT*  111 

it  :  that  this  might  possibly  have  to  do  with  the  blue  band  ob- 
served in  lunar  eclipses,  and  certain  phenomena  of  adhesion  of  the 
limbs  in  transits  of  Mercury  and  Venus ;  and  concluded  that  the 
atmospheric  envelopes  of  the  planets  might  be  quite  unlike  that  of 
the  earth,  and  that  the  effect  of  aberration  was  fully  visible,  because 
of  our  atmosphere's  extreme  porosity. 

Prof.  Peirce  said,  with  regard  to  these  atmospheres,  he  would 
mention  the  atmosphere  pertaining  to  the  inner  ring  of  Saturn,  dis- 
covered by  Mr.  BoNn,  and  which  he  was  inclined  to  believe  was  no 
ring  at  all.  His  analytical  investigations  were  not  yet  completed  ; 
but  he  had  almost  come  to  the  conclusion  that  that  space  between 
the  outer  and  inner  ring  was  but  an  irregular  opening  in  the  atmo- 
sphere of  Saturn,  which,  from  certain  causes,  might  accumulate  in 
such  a  position,  that  when  the  revolution  of  the  planet  had  put  the 
ring  and  atmosphere  in  certain  positions,  this  vacancy  in  the  atmo- 
sphere was  perceptible  to  observers.  There  may  be  a  deposition  of 
vapor  taking  place  near  the  edge  of  the  ring  of  Saturn,  which  might 
have  the  appearance,  and  would  account  for  the  phenomenon  as  well, 
if  not  better,  than  by  the  proposition  of  Mr.  Bond. 

Prof.  LooMis  asked  Prof.  Peirce  if  this  phenomenon  had  not  been 
observed  before,  and  commented  on  by  astronomers  of  high  rank  t 

Prof.  MrrcHEL  had  watched  with  much  earnestness  for  an  op- 
portunity of  observing  these  atmospheric  phenomena ;  but  he  had 
been  unfortunate,  as  he  had  never  yet  had  an  opportunity  of  seeing 
theiQ.  Perhaps  the  fault  lay  in  the  imperfection  of  the  instrument 
which  he  used.  Venus  had  particularly  attracted  him ;  and  he  had 
sought  with  much  eagerness  for  a  sight  of  the  extraordinary  phe- 
nomena which  were  sometimes  exhibited  on  her  surface,  but  he  had 
never  yet  had  that  good  fortune  which  had  been  accorded  to  other 
observers. 

Prof.  Alexander  stated  that  he  had  certainly  seen  spots  on  the 
disc  of  Venus,  which  had  strongly  attracted  his  attention.  The  in- 
strument he  used  was  a  Fraunhdfer  telescope  of  a  three-inch  aperture. 
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25.  Obsrrvations  on  the  Zodiacal  Light,  with  an  Inquiry  into 
ITS  Nature  and  Constitution,  and  its  relations  to  the  Solar 
System.     By  Prof.  Denison  Olmsted,  of  Yale  College. 

I  SUBMIT  to  the  Association  a  series  of  observations  on  the  Zodiacal 
Light,  made  by  me  at  Yale  College,  from  1833  to  1839,  upon  the 
basis  of  which  I  propose  to  offer  a  new  description  of  this  mysterious 
phenomenon,  and  a  brief  inquiry  into  its  nature  and  constitution, ' . 
and  its  relations  to  the  solar  system.  Particularly,  I  propose  to  in- 
quire whether  or  not  it  is  the  origin  of  the  meteoric  showers  of 
November  and  August. 

Various  circumstances  conspire  to  interrupt  the  continuity  of  a 
series  of  observations  on  the  zodiacal  light,  among  which  are  the 
following  :  ' 

1.  The  comparatively  few  nights  in  the  year  when,  in  our  climate, 
the  sky  is  cloudless,  and  the  atmosphere  sufficiently  clear  to  afford 
good  observations  on  a  light  so  feeble  and  diffuse. 

2.  The  low  angle  which  the  zodiacal  light  makes  with  the  horizon 
for  the  greater  part  of  the  year  while  it  is  visible. 

3.  The  presence  of  the  moon,  which  entirely  effaces  it ;  and,  oc- 
casionally, for  long  periods,,  the  presence  of  Venus  or  Jupiter,  and 
sometimes  of  both  planets.  The  light  of  Venus,  especially,  is  often 
so  bright,  and  the  planet  is  so  situated  in  the  midst  of  the  zodiacal 
light,  as  greatly  to  interfere  with  observations.  Hence  a  number  of 
years  are  necessary  of  diligent  attention  tci  the  phenomena  of  this 
light,  in  order  to  become  well  acquainted  with  its  habitudes  and  laws. 
Nor  can  I  pretend  to  have  made  the  best  possible  use  of  the  op- 
portunities afforded  for  viewing  it,  during  tlie  six  years  that  my 
attention  was  directed  to  it.  On  the  contrary,  my  observations  were 
often  inteiTupted  by  ill  health,  and  other  causes  beyond  my  control. 
Still  they  were  sufficient  to  convince  mo  that  my  previous  knowledge 
of  this  body  was  exceedingly  defective,  and  my  notions  of  it  very 
erroneous  ;  and  the  same  may  justly  be  said  of  most  or  all  of  the 
descriptions  and  graphic  representations  of  it  given  in  works  of 
science. 

I  will,  therefore,  first  attempt  an  accurate  description  and  repre^ 
sentation  of  the  zodiacal  light. 

Since  the  direction  of  this  body  is  oblique  to  the  circles  of  diurnal 
revolution,  and   since  it  appears  only  immediately  before  or  im- 
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mediately  after  the  aun,  and  therefore  more  or  leaa  of  it  faUa  within 
the  twilight,  consequentlj  its  appearances  are  very  different  in  di^ 
ferent  latitudes ;  being  seen  best  of  all  in  the  tropical  regions,  where 
its  direction  always  makes  a  high  angle  with  the  horizon,  and  where 
the  twilight  is  short ;  and  being  scarcely  visible  in  sach  high  latitudes 
aa  London  and  Edinburgh,  except  near  the  time  of  the  equinoxes. 
Hence  British  writers,  who  have  attempted  a  description  of  it,  have 
uaually  given  one  that  is  altogether  vague  and  inaccurate.  The  lower 
latitude  of  our  place  of  observation  ( 41°  18'  30''}  aflbrds  a  much 
better  view  of  it,  and  my  description  and  representation  of  it  will 
conform  to  its  appearance  at  this  latitude. 

I  learn  from  my  friend  Prof  Dana,  that  while  with  the  Exploring 
Cbcpedition  in  the  t<MTid  zone,  he  seldom  failed  of  seeing  the  zodiacal 
light  morning  or  evening,  when  not  prevented  by  some  of  the  causes 
before  enumerated ;  but  during  the  summer  months  in  our  climate, 
we  hardly  see  it  at  alL  At  the  beginning  of  autumn  we  look  for  it  in 
the  morning  sky,  and  at  the  end  of  autumn  in  the  evening  sky.  The 
state  of  die  atmosphere  most  favorable  for  seeing  it  at  its  minimum 
intensity,  is  that  peculiarly  transparent  condition  which  either  pre- 
eedes  or  fi^llows  a  copious  rain.  The  presence  of  a  black  cloud,  also» 
near  the  horizon,  frequently  enables  us  by  contrast  to  see  more  dis- 
tinctly the  faint  diffusive  light  of  the  upper  portions.  With  these 
advantages,  we  may  unite  that  of  fixing  one  eye  on  a  darker  portion 
of  the  heavens  a  few  degrees  to  the  right  or  lefl,  and  looking  askance 
with  the  other  eye  over  the  region  of  the  object  sought.  This  last 
expedient  will  usually  be  found  useful  for  fixing  its  exact  boundaries 
in  its  various  stages  of  intensity. 

Although,  as  was  first  remarked  by  Mr.  E.  C.Herrick,  faint  traces 
of  the  zodiacal  light  may  be  seen  in  the  northe^t  early  in  August, 
yet  it  will  hardly  be  obvious  to  common  observation  before  the  latter 
part  of  September.  I  quote  from  my  record  for  September  25, 1835: 

Observed  the  zodiacal  light  from  8  to  4|  o'clock;  a.  if.  Very  faints  Seen  only 
by  fixing  the  right  eye  on  the  region  of  Ganis  Major,  and  carrying  the  left  eye 
along  the  edipUa  Covers  Regains  and  the  cluater  in  Cancer,  and  terminates  a 
little  south  of  Coator. 

The  earliest  distinct  view  I  have  obtained  of  this  body  in  the  eve^ 
mmg  sky  was  on  the  twenty-first  of  November,  1837,  when  I  have 
the  following  record  : 

Have  constantly  searched  for  the  codiacal  light  in  the  evening  ainoe  the  18th 
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insUiit  Imflgined  that  that  part  of  Hie  milky  wmj  where  this  light  would 
it  was  more  luminouB  than  commoOy  but  the  li^t  is  ambignouB  on  aooonni  of  the 
presence  of  Venus ;  but  this  erening,  examined  it  in  company  with  three  of  my 
astronomical  pupils,  all  distinguished  for  acuteness  of  yision.  At  *l  o'clock,  Yenua 
being  near  the  horizon  and  hid  behind  a  cloud,  we  could  seyerally  define  the 
boundaries  of  the  zodiacal  light  By  fixing  the  right  eye  on  the  mUky  way  near 
Altair,  and  the  left  eye  near  the  head  of  Gapricomus,  we  could  discern  a  pyramid 
less  bright  than  the  milky  way,  but  still  sufficieatly  distinct  to  be  sure  of  ita 
presence  :  its  upper  edge  grazed  ^pha  and  Mu  Caprieomi  and  Beta  Aquarii,  its 
▼ertex  reaching  to  the  right  shoulder  of  Aquarius.  light  very  feeble  and  diffuse ; 
but  the  triangular  space  between  it  and  the  milky  way,  embracing  the  Dolphin, 
perceptibly  darker.    Elongation  from  the  sun  90^. 

As  a  description  of  the  zodiacal  light,  sufficient  to  guide  the  ob- 
server, I  will  offer  the  following.  From  the  middle  of  September 
until  the  latter  part  of  November,  he  will  confine  his  attention  to  the 
nwming  sky.  An  hour  and  a  half  before  daybreak  (which  is,  at  that 
season  of  the  year  in  our  climate,  about  four  o'clock),  he  will  first  dis- 
cern a  feeble,  diffuse,  and  scarcely  visible  light,  c^  a  pyramidal  figure, 
extending  fi'om  the  horizon  upward  through  the  zoc^ac  to  Gremint» 
covering  Regrulus  and  Presepe,  and  terminating  a  little  south  of  Caa- 
tor.  Near  the  horizon  its  material  is  usually  mixed  up  with  the  vapors 
that  prevail  there,  so  as  to  prevent  its  forming  a  definite  boundary 
at  its  base ;  but  from  on  altitude  of  a  few  degrees  above  the  horizon 
the  light  is  at  a  maximum,  whence  it  fodes  gradually  upwards  into 
nonentity.  Along  the  central  part  of  the  pyramid,  the  illumination  is 
greater  than  at  the  borders.  From  the  greater  length  and  amplitude 
revealed  to  us  by  circumstances  peculiarly  favorable  for  observation, 
we  have  reason  to  think  that  on  ordinary  occasions  we  do  not  see  the 
whole  of  the  body,  but  that  it  really  extends  further  than  its  visible 
boundaries  both  in  length  and  breadth.  If  the  observer  continues  to 
watch  this  body  from  the  middle  of  September  onward  through  the 
month  of  October  to  the  middle  of  November,  he  will  perceive  that 
the  vertex  or  visible  terminus  moves  along  through  the  order  of  the 
signs,  and  nearly  at  the  same  rate  with  the  sun ;  appearing,  on  the 
twenty-fifUi  of  October,  to  occupy  the  space  south  of  Denebola  in 
the  tail  of  the  Lion,  terminating  a  little  above  Regulus.  From  this 
time  until  the  middle  of  November  it  appears  nearly  stationary,  as- 
cending from  the  horizon  to  the  constellation  Leo,  in  some  part  of 
which  it  terminates,  the  vertex  varying  somewhat  in  altitude  with 
the  condition  of  the  sky.  After  the  thirteenth  of  November,  the  light 
fades  in  the  morning  sky,  contracts  in  dimensions,  and  soon  becomes 
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stationary  and  then  retrograde  with  respect  to  the  sun  ;  proceeding 
eastward  no  further  than  Gamma  Virginia,  a  point  which  it  reaches 
by  the  twenty-sixth  of  November,  having  at  this  time  an  elongation 
of  only  60°,  whereas  a  fortnight  before  the  elongation  was  90°.  As 
the  &un  advances  in  the  ecliptic,  while  the  light  appears  nearly  sta- 
tionary, the  elongation  on  this  side  continues  to  diminish,  as  well  as 
the  dimension^  and  the  illumination,  until  early  in  January,  after 
which  it  is  scarcely  seen  in  the  east  until  August. 

The  foregoing  general  statements  are  supported  by  observations 
taken  at  different  times  through  the  period  of  six  years  before  men- 
tioned, a  few  of  which  I  extract  from  my  records  : 

Nw.  26,  1837.  This  morning  about  daybreak,  saw  the  zodiacal  light  :  very 
bright  and  distinct,  but  elongation  only  60°. 

Nov.  28.  Ck>mmenced  observations  at  fiye  o'clock.  Zodiacal  light  brighter  than 
usual  in  preceding  years  at  this  season,  but  the  vertex  appears  nearly  stationary 
in  Gamma  Virginis. 

Dee,  5.  Zodiacal  light  visible  this  morning  as  early  as  three  o'clock  :  not  quite 
ao  bright  as  on  the  twenty-eighth  of  November,  but  increased  in  brightness  from 
three  o'clock  till  daybreak.  Vertex  still  in  Gamma  Virginia 

Dec.  9.  ,  Examined  the  eastern  sky  from  4^  SO*"  till  daybreak  :  very  cold  and 
elear.  Zodiacal  light  much  less  bright  than  on  the  fifth  :  width  also  less ;  when 
I  first  went  out,  could  scarcely  see  it.  Became  distinct  by  five  o'clock,  half  an 
hour  before  daybreak ;  yet  much  feebler  than  it  was  ten  days  ago.  Contracted 
between  Spica  and  Theta  Virginis^  4^  north  of  Spica ;  whereas  a  few  days  since 
the  border  grazed  this  star. 

Jan.  18,  188*7.  Zodiacal  light  very  diffusive  and  ill-defined.  Seen  after  this  no 
more  in  the  east 

We  will  now  introduce  the  observer  to  the  western  sky.  Here  the 
zodiacal  light  first  comes  into  view,  so  as  to  be  distinctly  defined, 
about  the  twenty-first  of  November ;  at  which  time  it  lies  far  in  the 
southwest,  crosses  the  milky  way,  the  head  of  Capricomus,  and  has 
its  vertex  near  the  right  shoulder  of  Aquarius,  with  an  elongation 
from  the  sun  of  full  90°.  From  this  time  it  climbs  rapidly  upwards, 
until  by  December  2d  it  reaches  nearly  to  Algenib  in  the  equinoctial 
colure,  having  an  elongation  of  more  than  100°.  By  about  Christnlas 
the  vertex  reaches  almost  to  Alpha  Arietis,  having  an  elongation  of 
toweirds  120°.  It  becomes  nearly  stationary  through  the  month  of 
January ;  but  in  February  and  March  it  moves  slowly  onward  through 
Taurus  to  Gemini,  beyond  which  it  scarcely  advances.  The  accom- 
panying diagram  is  intended  to  represent  the  general  appearance  of 
the  zodiacal  light,  when  seen  under  favorable  circumstances  near 
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ttid  timeof  [he  Teraal  equinox.  It  is  seen  of  a  pjratntdal  fiinnrwith 
a  broad  base  r^stisg  on  the  borizop.  Its  Dortfaem  bor^r  grazoa  the 
brigbt  star  Algeuib  in  Pegasus,  passes-Bouth  of  Alpha  ArieTis  Mves 
r  eight  degrees,  and  about  two  degrees  south  of  the  Pleiades.  Along 
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its  southern  boundary  we  recognize  the  s 
of  the  Whale,  and,  still  higher,  AldebarGu.  i 
of  the  Bull.  The  successive  positions  atii  ili 
from  the  time  of  its  earliest  appearance 
twenty-firat  of  November,  to  the  vemsl  ii] 
uniform^  but  they  still  correspond  to  ol>^L' 
six  years  befoi'e  mentioned,  as  will  app<  -.iv 
my  record  book.'I  have  already  recited  iIji' 
9lBt,  1837,  when  the  letoniof  Ibis  body  i<i 
recognized. 

JKm.  26,  1831.  Li^t  fmble,  VeniM  bang  v.  ry 
ir&a  Bct,  renchiog  nearly  to  tht  Flah  south  of  P:'na: 
.  Dtc  2.  New  mooQ  begins  to  interfere  wiUi  mI 
the  lodiKcal  light  wu  vmbla  after  the  moon  n  !t- 
Fiseef^  and  reaches  beyond  iL     EloDgatiou  llo^. 

pee^lS.  Earl;  put  of  tiie daj  «  violeni  nil n  m 
Mtrds  night.  Zodiacal  li^t  very  bright,  rWcliliiM  ; 
]j  tt  bright  at  the  mUl^  vtaj.    ElongaUon  1  iiii°. 

It  ought  to  be  remarked  that  the  plirn 
peculiarly  striking  in  the  autumn  and  l^  Jn 
Aervationa  made  this  year  show  a  greiini 
greater  elongation  from  the  sun,  than  lima 
in  1835  and  1836. 

Aa:,  21,  IgSS.  Thia«TeiQng.atiai>(iph«rsTerytrMnptt'eiiL  Zildiac^I^tvitj 
conspicuous,  rvBching  nearly  tg  AJgenib,  Uioogh  ^uite  faint  to^rnrda  titt  T«rte& 
Elong&tian  60°. 

Dec  2S,  1S31.  Night  favorable.  Appeared  to  me  not  to  reach  quit«  w  tar 
eastward  ne  it  did  a  feV  nights  since ;  certainly  not  beyond  the  eiiiiinoctial  oo- 
Jore.  Could  not  be  cert^  much  fnrtber  than  the  pentagon  of  stars  in  Piuea 
Soogatian  IC. 

F'b.  7.  Zodiacal  light  very  eonspiououe  mnoe  th«  last  mooi^  but  has  advaneed 
■«astward  ver;  litUo  unoe  ChriHtmaa,  bUI)  reaching  only  to  JUph»  Ariotis.  Hoa- 
.gation  75°. 

Ftb.  24.  First  night  since  the  Qioon  hss  been  i-vtaj  :  sky  favorable  for  ob- 
■wvation.  Zodiacal  light  bright  and  Tell  defined,  itoaxisnearty  in  the  ediptici 
reaches  f«  the  space  between  Aldebaran  and  the  Pleiades.    IHoDgation  SG°. 

March  26.  Zodiacal  light  very  bright,  reaching  above  the  Fleiadei^  which  an 
■  litUe  north  of  (he  ai 
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Monk  29.    Light  more  feant  XSongation  60^' :  vertex  near  the  ecliptic 

AprU  6.    Light  fading  rapidly  :  yery  diffoBe. 

May  1.  Last  night  a  very  plentiful  rain,  after  a  series  of  warm  days.  To-day, 
air  keen  and  sky  yery  clear.  This  eyening  zodiacal  light  remarkably  distinct  (for 
this  season  of  the  year),  being  discernible  much  nearer  the  horizon  than  common, 
and  reaching  further  eastward  among  the  stars  than  I  eyer  obseryed  it  before, 
namely,  into  the  neighborhood  of  Castor  and  Pollux  Elongation  60°,  but  pre- 
somed  to  be  much  greater  than  it  would  be  but  for  the  exta'aotdlnary  transparency 
of  the  atmosphere. 

May  10,  1834.  Zodiacal  ligjbt  seen  for  ten  minutes  after  twilight  eeased,  say 
tall  ten  minutes  after  nine  :  reached  to  Castor,  but  yery  diffuse.  Elongation  67  °. 

Seen  no  more  in  the  west  till  the  latter  part  of  Noyember. 

To  present  at  one  view  the  various  elongations  from  the  sun> 
observed  from  November  2l8t  to  May  10th,  the  result  is  as  follows  : 


1.  November  21stt    elongation,    90°. 


%  November  26th, 

« 

100°. 

3.  December  2d, 

(1 

110° 

4.  December  18th, 

II 

120®. 

6.  December  21st^ 

II 

90°. 

ft.  December  28th, 

M 

76°. 

7.  February  7th,       elongation,    76°. 

8.  March  29th,  "  60°. 

9.  April  6ih,  light  rapidly  fading. 

10.  May  1st,  elongation,    60°. 

11.  May  10th,  "  67°. 


From  this  tabular  view,  it  appears  that  when  the  body  first  came 
into  view  on  the  twenty-first  of  November,  it  extended  about  90° 
eastward  of  the  suq  ;  that  its  elongation  increased  rapidly  from  this 
period,  being  five  days  afterwards  100°,  ip  six  days  more  110°,  and 
in  fourteen  days  after  this  120°,  which  is  the  greatest  elongation  I 
have  ever  noticed ;  and  being  at  the  same  time  about  60°  westward 
of  the  sun,  its  whole  extent  in  longitude  was  180°. 

I  have,  in  a  few  instances,  remarked  what  was  apparently  a  sad* 
den  and  remarkable  expansion  of  the  zodiacal  light,  a  circumstance 
more  than  once  noticed  by  Cassini.  My  record  for  November  2lBtv 
1838,  is  as  follows  : 

At  6  A.  v.,  about  twenty  minutes  before  twilight^  th'e  Eodiaeal  Hght  was  veiy 
Utfge,  extending  in  breadth  from  Corrus  to  AreturusL  Never  saw  it  so  broad  be- 
fore. More  inclined  towards  the  south  than  usual,  ita  vertex  passing  one  or  two 
degrees  to  the  south  of  Begulus. 

Whether  this  extraordinary  enlargement  in  breadth,  implying  a 
space  of  more  than  40°,  was  owing  to  a  change  in  the  body  itself, 
or  to  some  unusual  atmospheric  refraction,  or  the  accidental  presence 
of  an  aurora  borealis,  it  is  impossible  for  me  to  decide. 

It  18  well  known  that  the  great  French  astronomer,  Dominique 
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Cassinii  was  the  first  to  direct  the  attention  of  astronomers  towards 
the  zodiacal  light ;  and  that  he  made  numerous  observations  on  it, 
extending  from  1683  to  1688  inclusive,  which  are  published  in  the 
eighth  volume  of  the  Memoirs  of  the  French  Academy,  together 
with  observations  on  the  same  phenomenon  made  at  Geneva  by  a 
friend  of  his,  M.  Fatio.  An  elaborate  digest  of  these  records  was 
made  by  Mairan  in  his  celebrated  Treatise  on  the  Aurora  Borealis, 
including  also  a  few  observations  of  his  own  and  of  several  other 
philosophers.  It  is  interesting  to  compare  these  ancient  observations 
with  such  as  we  have  been  able  to  make  at  corresponding  times  of 
the  year ;  and  having  made  this  comparison  in  numerous  instances, 
I  feel  able  to  say  that  the  zodiacal  lights  in  the  main,  is  the  same  thing 
that  it  was  in  the  days  of  Cassini  and  Mairan ;  being  subject  to 
similar  variations  at  different  seasons  of  the  year,  and  in  difierent 
states  of  the  atmosphere.  I  shall  avail  myself  of  such  aid  as  I  can 
obtain  from  this  and  every  other  source  in  the  remaining  parts  of 
this  essay. 

NATURE  AND  OONSTITUTION  OF  THJB  ZODIACAL  UOBT. 

1.  Length*  The  extreme  portions  of  this  body  sometimes  extend 
beyond  the  earth's  orbit.  It  is  obvious  that,  at  an  elongation  of  90^, 
it  must  reach  a  tangent  drawn  to  the  earth's  orbit  at  the  place  of  the 
spectator ;  and  if  it  reaches  beyond  that  tangent,  as  is  sometimes 
the  case,  it  must  of  course  extend  beyond  the  earth's  path.  According 
to  one  of  our  observationsV  on  the  eighteenth  December  1837,  its 
elongation  was  120^. 

The  variable  apparent  elongation  to  which  this  phenomenon  is 
subject  is  more  or  less  influenced  by  three  causes  :  the  state  of  the 
atmosphere,  the  inclination  of  its  line  of  direction  to  the  horizon, 
and  the  length  of  the  twilight.  In  order  to  eliminate  the  effect  due 
to  atmospheric  changes,  we  require  numerous  series  of  observations 
continued  through  successive  years,  and,  if  possible,  instituted  at 
long  intervals  of  time.  The  mean  of  such  an  assemblage  of  observa- 
tions would  exhibit  results  nearly  free  from  the  effects  of  accidental 
variations  in  the  transparency  of  the  atmosphere.  Since  the  axis  of 
the  zodiacal  light  does  not  deviate  far  from  the  ecliptic,  we  may 
imagine  it  to  be  represented  by  a  portion  of  that  circle  on  the  arti- 
ficial globe ;  and  we  shall  easily  see  that  since  its  inclination  to  the 
horizon  varies  between  twenty-five  and  seventy-two  degrees,  being 
twenty-five  at  Uie  vernal  equinox  (twenty-five  degrees  with  the  eas- 
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tern  and  seventy-two  degrees  with  tile  western  horizon),  this  cause 
must  greatly  affect  the  degree  of  intensity  of  the  zodiacal  light.  The 
same  must  obviously  be  the  case  with  the  variations  in  the  length  of 
twilight ;  being  an  hour  and  a  half  after  sunset  at  the  vernal  equinox, 
and  two  hours  and  a  quarter  after  sunset  at  the  summer  solstice. 
But  were  these  causes,  combined,  the  only  or  the  chief  reason  why 
the  apparent  elongation  of  the  zodiacal  light  from  the  sun  is  greater 
at  one  time  than  at  another^  then,  since  at  the  vernal  equinox  the 
elevation  above  the  horizon  is  at  its  maximum  and  the  duration  of 
twilight  at  its  minimum,  the  apparent  elongation  ought  to  be  greatest 
of  all ;  whereas  it  is  then  only  60^,  while,  from  the  twenty-first  of 
November  to  the  eighteenth  of  December  1837,  we  found  it  increase 
from  90^  to  120°,  and  this  at  a^  season  of  the  year  when  the  elevation 
above  the  southern  horizon  is  near  its  minimum,  and  the  duration  of 
twilight  is  longer  than  before.  Nor  is  this  an  anomalous  fact  :  the 
elongation  has  uniformly  appeared  greater  in  the  west,  during  the 
months  of  December  and  January,  than  during  March  and  ApriL 
Again,  at  the  winter  solstice,  the  elevation  is  much  greater  in  the 
morning  than  in  the  evening ;  but  the  light  is  far  more  conspicuous 
in  the  west  than  in  the  east. 

2.  Direction.  The  general  direction  of  the  zodiacal  light  is,  as  its 
name  imports,  from  the  sun  along  the  zodiac.  Cassini  and  Mairan 
thought  that  its  axis  lay  nearly  or  quite  in  the  plane  of  the  solar 
equator,  making  an  angle  with  the  ecliptic  of  seven  and  a  quarter 
degrees ;  and,  accordingly,  that  its  nodes  must  be  in  the  part  of  the 
ecliptic  which  the  earth  traverses  in  June  and  November.  But  Cas- 
sini himself  remarked  that  the  direction  of  the  axis  is  not  always  the 
same  :  on  several  occasions  the  vertex  appeared  to  him  to  veer  to 
the  northward  of  its  previous  direction  ;  so  that  while  it  would  at 
one  time  just  graze  Alpha  Arietis  on  its  northern  border,  shortly 
afterwards  that  star  would  be  wholly  within  it.  Before  I  had  met 
with  these  statements  in  Cassini,  I  had  several  times  remarked  the 
same  changes  in  the  direction  of  the  axis,  the  vertex  sometimes  lying 
in  the  ecliptic  itself  :  nor,  as  I  think,  will  the  observations  warrant 
the  conclusion  that  the  axis  of  this  body  cuts  the  sun,  and  con- 
sequently lies  across  the  ecliptic  in  the  plane  of  a  great  circle.  On 
the  nineteenth  of  January  1835,  the  northern  border  was  8°  south 
of  Castor,  and  the  vertex  directed  to  a  point  south  of  the  Pleiades  ; 
consequently  its  axis  could  not  have  been  far  from  the  ecliptic ;  but 
on  the  twentieth  of  March  the  vertex  reached  above  the  Pleiades, 
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md  the  axis  had  perceptibly  Teered  BCNthward  firom  the  ediptie. 
These  obBerrations,  taken  in  connection  with  those  of  Caasini*  in* 
dicate  that  the  supposed  relation  of  this  body  to  the  solar  equator  is 
not  constant.  In  the  year  1843,  M.Houzeau  published  an  article  in 
die  Astronomische  Nachrichten,  in  which  he  investigated  the  plane 
of  symmetry  of  the  zodiacal  light  from  data  derived  from  a  com- 
parison and  digest  of  all  the  observations  he  could  collect.  He  makes 
the  inclination  less  than  half  that  of  the  solar  equator,  and  the  place 
of  the  nodes  of  course  quite  different  from  that  assigned  to  them  by 
Cassini.  If,  then,  as  is  demonstrated  by  Houzeau,  the  normal  place 
of  the  axis  gives  it  an  inclination  of  only  about  3^^,  the  great  oc« 
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casional  deviations  from  this  direction  confirm  our  remark,  that  the 
course  of  the  zodiacal  light  along  the  zodiac  is  not  always  the  same, 
but  is  subject  to  vary  with  the  seasons  of  the  year. 

3.  Motions,  The  zodiacal  light  sometimes  moves  forward  in  the 
order  of  the  signs  ;  it  is  sometimes  stationary  among  the  stars,  and 
sometimes  retrograde.  Beginning  with  morning  observations  in 
August,  and  noting  its  positions  from  day  to  day,  we  see  it  first 
stretching  across  the  middle  of  the  constellation  of  the  Twins*.  The 
vertex  moves  slowly  along  through  the  constellations  Gremini,  Can* 
cer  and  Leo ;  being,  on  the  thirteenth  of  November,  a  little  east  of 
Gamma  Leonist,  having  in  three  months  shifted  its  place  eastward 
nearly  three  signs,  and  consequently  nearly  kept  pace  with  the  sun 
in  its  annual  revolution,  maintaining  an  average  elongation  from  that 
body  of  90  degrees.  After  the  middle  of  November  its  light  fades 
away  in  the  east,  its  vertex  becomes  nearly  stationary,  and  of  course 
its  elongation  westward  of  the  sun  diminishes,  until  the  early  part 
of  January,  when  it  is  hardly  visible  at  all  in  the  morning  sky.  In 
the  mean  time,  this  light  has  been  rapidly  rising  in  the  evening  sky, 
and  to  this  we  will  next  direct  our  attention. 

We  have  seen  that  about  the  twenty-fifth  of  November  its  upper 
portions  reach  beyond  Capricomus,  its  vertex  extending  to  the  right 
arm  of  Aquarius.  From  this  time  it  moves  onward,  sometimes  more 
rapidly  than  the  sun,  but  with  an  average  elongation  of  90^,  until 
about  the  twenty-fourth  of  February,  when  it  reaches  a  point  a  little 
south  of  the  Pleiades.  From  the  latter  part  of  February,  its  progress 
eastward  has  seemed  to  me  slower  than  before,  hardly  gaining  one 

*  Above  this  pointy  the  light  is  blended  with  that  of  the  milky  way. 
t  OMasi  phuMd  it  in  leae  at  CSii  Leonid 
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ngn  fiyr  the  next  three  montkB»  scarcely  ever  being^diatinctly  Tisible 

beyond  Castor ;  although  neither  the  want  of  elevation  above  the 

southern  horizon,  nor  the  length  of  the  twilight,  would  prevent  its 

being  seen  beyond  this,  if  in  reality  it  existed  there.  Finally,  early  ^ 

in  April  it  rapidly  fades  away,  and  soon  after  the  first  of  May  dis-  ■ 

appears  altogether.  ^.j 

These  facts  respecting  the  zodiacal  light  are  derived  chiefly  from 
my  own  observations,  made  and  recorded  at  different  times  during 
the  six  years  following  1833 ;  but  on  comparing  them  with  the  obh 
servatioDS  of  Cassini  made  towards  170  years  ago,  a  near  correspond 
dence  will  be  found  between  them  ;  and  the  same  will  be  the  case  if 
the  comparison  be  made  with  the  tabular  view  of  observations  col- 
lected from  various  authorities,  as  given  by  Houzeau  in  1843. 

In  some  cases,  the  apparent  progress  of  this  body  through  the 
signs  corresponds  so  nearly  to  that  of  the  sun,  as  to  suggest  the  idea 
that  it  is  something  attached  to  the  sun,  and  has  an  apparent  motion 
due  to  the  same  cause,  namely,  the  motion  of  the  earth  in  its  orbit. 
In  other  cases,  however,  its  movements  are  too  sudden  and  too  un- 
like those  of  the  sun  to  permit  such  a  conclusion.  At  one  time,  as  we 
have  seen,  its  elongation  &*om  the  sun  increases  rapidly  from  90°  to 
120^  ;  at  other  times  it  becomes  for  considerable  periods  stationary 
among  the  stars,  and  even  retrograde  :  facts  which  seem  to  imply 
motions  of  its  own,  independent  of  the  sun  and  the  earth  ;  and  such 
motions  in  any  body  thus  situated,  though  they  might  be  greatly 
modified  by  perspective,  can  hardly  be  any  other  than  motions  of 
revolution.  On  this  subject  Laplace  has  the  following  remarks,  at  the 
end  of  his  chapter  "  on  the  figure  of  the  atmosphere  of  the  sun." 

(1).  "  This  atmosphere  can  extend  no  further  than  to  the  orbit  of 
a  planet,  whose  periodical  revolution  is  pei*formed  in  the  same  time 
as  the  sun's  rotary  motion  about  its  axis,  or  in  twenty-five  days  and 
a  half  :  therefore  it  does  not  extend  so  far  as  the  orbits  of  Mercury 
and  Venus,  and  we  know  that  the  zodiacal  light  extends  much  be- 
yond them. 

(2).  "  The  ratio  of  the  polar  to  the  equatorial  diameter  of  the  solar 
atmosphere  cannot  be  less  than  § ;  and  the  zodiacal  light  appears 
under  the  form  of  a  very  flat  lens,  the  apex  of  which  is  in  the  plane 
of  the  solar  equator  :  therefore  the  fluid  which  reflects  to  us  the 
zodiacal  light  is  not  the  atmosphere  of  the  sun ;  and  since  it  sur- 
rounds that  body,  it  must  revolve  about  it  according  to  the  same  lawa 
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as  the  planets.  Perhaps  this  is  the  reason  why  its  resistance  to  thw 
motions  is  insensible." 

4.  Material,  The  matter  of  which  the  zodiacal  light  is  composed, 
presents  many  analogies  to  that  of  comets.  In  its  visible  form,  in  its 
direction  with  respect  to  the  sun,  in  its  yery  shade  and  color,  in  its 
increasing  density  towards  the  sun,  in  its  transparency  which,  as  in 
comets,  is  such  as  to  permit  small  stars  to  be  seen  through  almost 
every  part  of  it ;  in  all  these  respects,  we  recognize  a  great  resem- 
blance between  the  zodiacal  light  and  the  tails  of  comets.  We  are  at 
least  authorised  to  say  that  it  is  a  **  nebulous  body." 

From  all  the  foregoing  considerations  on  the  nature  and  constitu- 
tion of  the  zodiacal  light,  we  infer,  then,  that  it  is  a  nebulous  body, 
revolving  around  the  sun  in  an  orbit  but  slightly  inclined  to  the 
ecliptic. 

I  proposed  finally  to  inquire  whether  or  not  the  zodiacal  light  if 
the  origin  of  the  meteoric  showers  of  November  and  August,  and  es- 
fedally  those  of  November. 

It  may  be  known  to  some  present,  that  after  the  great  meteoric 
shower  of  November  13th,  !  833,  I  published  in  the  American  Jour- 
nal of  Science  some  observations  on  the  phenomena  and  causes  of 
that  remarkable  exhibition  of  shooting  stars  ;  in  which  I  came  to  the 
conclusion  that  they  proceeded  from  a  nebulous  body  revolving  about 
the  sun,  and,  at  its  aphelion,  approaching  very  near  to  that  part  of 
the  earth's  orbit  through  which  the  earth  passes  on  the  thirteenth  of 
November.  At  the  conclusion  of  the  essay,  I  suggested  the  possibi- 
lity that  the  zodiacal  light  might  be  the  body  in  question.  I  was 
reluctant,  however,  to  insist  on  such  a  connection;  because  the 
existence  of  the  nebulous  body  was  inferred  from  evidence  wholly 
independent  of  the  zodiacal  light,  and  even  before  the  zodiacal  light 
was  thought  of.  In  fact  at  that  time  I  had  very  vague  ideas  respecting 
this  light,  as  something  that  appears  in  the  west  afler  twilight  about 
the  time  of  the  vernal  equinox,  but  I  did  not  even  know  that  it  was 
ever  visible  at  the  period  of  the  year  when  the  November  meteors 
occuiTod ;  for  at  that  time  I  had  never  read  either  the  observations 
of  Cassini  on  this  body,  or  the  treatise  of  Mairan  on  the  aurora 
boreal  is,  where  so  much  is  ascribed  to  its  agency  in  the  production 
of  this  latter  phenomenon.  Nearly  twenty  years  have  since  elapsed, 
and  I  have  had  sufficient  opportunity  to  observe  the  zodiacal  light, 
and  to  reflect  on  the  question  of  its  possible  connection  with  the 
meteoric  showers  of  November  and  August  :  the  result  is  an  in- 
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creasing  cpnyiction  of  auch  a  connection.  I  may  bere  remark  that 
the  first  idea  of  such  an  origin  of  the  November  meteors  is  now 
generally  ascribed  by  European  vmters  to  M.  Biot.  It  may  be  proper,  tf 

however,  to  state  that  the  paper  in  which  M.  Biot  first  mentions  the 
subject,  is  an  essay  read  before  the  French  Academy  soon  after  the 
meteoric  shower  of  November  1836,  three  years  after  my  paper  was 
published.  M.  Biot  does  indeed  favor  the  idea  that  these  showers  of 
meteors  have  their  origin  in  the  zodiacal  light ;  but  in  noticing  the 
the  views  which  I  had  published  respecting  the  cause  of  the  meteoric 
shower,  which  he  did  me  the  honor  to  review  at  some  length  and  in 
a  manner  very  encouraging  to  myself,  he  distinctly  stated  that  I  had 
in  my  paper  suggested  the  idea  that  the  zodiacal  light  might  possibly 
be  the  very  nebulous  body  in  question. 

I  am  aware  that  the  opinions  I  have  formed  differ  widely  from 
those  entertained  by  many  members  of  this  Association,  whose 
eminent  talents  and  great  success  in  the  investigation  of  truth  entitle 
them  to  the  highest  deference ;  but  should  I  fail  of  convincing  them 
of  the  correctness  of  my  views,  I  still  itadulge  the  hope  that  I  may 
secure  increased  attention  to  a  natural  phenomenon,  which  appears 
to  me  to  have  important  relations  to  our  solar  system,  as  well  as  to 
several  of  the  most  sublime  and  mysterious  phenomena  of  nature. 

In  the  paper  which  I  published  in  the  American  Journal  of  Science 
in  the  year  1834,  on  the  cause  of  the  great  meteoric  shower  of  No- 
vember 13th,  1833,  I  inferred  the  existence  in  the  planetary  spaces 
of  a  nebulous  body  revolving  around  the  sun,  the  extreme  portions 
of  which  on  the  thirteenth  of  November  lay  over  or  across  the  earth's 
orbit,  in  such  a  manner  that  the  earth  passed  t)irough  it,  or  at  least 
near  enough  to  it  to  attract  portions  of  it  into  its  atmosphere,  where 
they  took  fire,  and  exhibited  the  phenomena  of  shooting  stars.  As 
the  leading  steps  by  which  I  arrived  at  this  conclusion,  after  ui 
extensive  induction  of  facts,  w^re  very  brief  and  simple,  I  may  be 
permitted  to  repeat  them  here.  I  argued  thus  :  If  all  the  meteors 
which  fell  on  this  occasion  (which  were  in  vast  numbers,  and  some 
of  them  proved  to  be  bodies  of  comparatively  large  size),  had  been 
restored  to  their  original  position  in  space,  they  would  of  themselves 
have  composed  a  nebulous  body  of  considerable  extent ;  but  since 
the  same  shower  had  been  several  times  repeated  without  any  appa- 
rent exhaustion  of  the  nebulous  body,  it  was  infened  that  only  small 
portions  of  that  body  came  down  to  us,  such  as  constituted  its  ex- 
treme parts  which  approximated  nearest  to  the  earth ;  and  various 
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reasons  indticed  the  belief  that  the  nebulous  body  itself  was  one  n^ 
very  great  extent.  It  was  a  striking  fact  that  the  earth  had,  during 
several  preceding  years,  fallen  in  with  this  body  at  exactly  the  same 
part  of  its  orbit.  Now  since  it  is  impossible  to  suppose  that  a  body 
thus  situated,  and  consequently  subject  to  the* sun's  attraction,  could 
have  remained  at  rest  in  that  part  of  the  earth's  orbit  while  the  earth 
was  making  its  revolution  around  the  sun,  the  conclusion  was  that 
the  nebulous  body  itself  has  a  revolution  around  the  sun,  and  a 
period  of  its  own.  Since  the  earth  and  the  body  met  for  several  suc- 
cessive years  at  the  same  point  of  the  ecliptic,  that  period  must 
obviously  be  either  a  year  or  less  than  a  year.  It  could  not  be  more 
than  a  year ;  for,  in  that  case,  the  body  would  not  have  completed 
its  revolution,  so  as  to  meet  the  earth  at  the  same  point  for  successive 
years.  Its  period  might  be  a  year ;  and  it  might  be  less  than  a  year, 
provided  the  time  was  some  aliquot  pait  of  a  year,  so  as  to  make  it 
revolve  just  twice  or  three  times,  etc.  while  the  earth  revolves  once. 
The  time  being  given,  we  easily  find  the  major  axis  of  the  orbit  by 
Kepler's  third  law.  On  trying  so  short  a  period  as  one-third  of  a 
year,  it  gives  a  major  axis  too  short  to  reach  from  the  sun  to '  the 
earth ;  and  hence  it  was  inferred  that  the  body  could  not  have  so 
short  a  period  as  four  months,  since  it  would  never  in  that  case  reach 
the  earth's  orbit  even  at  its  aphelion.  A  period  of  six  months  was 
found  to  be  sufficient ;  and  this  was  accordingly  assumed  at  first  to 
be  the  time,  although  the  possibility  that  the  period  might  be  a  year 
was  distinctly  admitted.  But,  extensive  as  I  even  then  believed  the 
nebulous  body  to  be,  I  had  formed  very  inadequate  notions  of  its 
real  extent ;  for  this  may  clearly  be  sufficient  to  reach  from  the  sun 
to  the  earth,  and  thus  to  correspond  in  dimensions  to  the  zodiacal 
light  \  and  since  the  centre  of  gravity  of  this  body  may  be  far  within 
the  earth's  orbit,  so  its  orbit  may,  even  at  its  aphelion,  be  distant 
from  the  earth,  and  yet  the  extreme  portions  of  the  body  may  reach 
beyond  the  ecliptic.  It  would,  therefore,  be  entirely  consistent  with 
my  original  views,  to  assign  to  a  nebulous  body  of  such  an  extent  as 
that  of  the  zodiacal  light  a  period  as  short  as  one-third  of  a  year,  or 
even  less. 

I  do  not  assert  positively  that  the  zodiacal  light  is  the  veritable 
body  which  produces  the  meteoric  showers  of  November  and  August 
Before  such  a  hypothesis  can  bo  proved  to  be  true  or  false,  with 
certainty,  a  greater  number  of  precise  observations,  continued 
through  a  series  of  years,  would  require  to  be  made,  and  a  careful 
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comparison  inBtitated  betwe^  the  hypothesis  and  the  facts.  Should 
the  zodiacal  light  be  found  at  last  incompetent  to  explain  the  perio^ 
dical  meteoTs,  the  existence  of  a  nebulous  bodj,  as  inferred  from  a 
fall  survey  of  the  facts  in  the  case  of  the  meteoric  shower  of  No- 
vember 13th,  1833,  independently  of  all  hypothesis,  will  still  be  true. 
But,  with  great  deference,  I.  submit  to  the  Association  the  following 
presumptions  in  favor  of  the  opinion  that  the  zodiacal  light  is  the 
nebulous  body  which  produces  the  meteoric  showers  of  November : 

1.  The  zodiacal  light,  as  we  have  found  in  our  inquiry  into  its 
nature  and  constitution,  is  a  nebulous  body, 

2.  It  has  a  revolution  around  the  sun. 

3.  It  reaches  beyond  and  lies'  over  the  earth's  orbit  at  the  time  of 
the  November  meteors,  and  makes  but  a  small  angle  with  the  ecliptic. 

4.  Like  the  "  nebulous  body,''  its  periodic  time  is  commensurable 
with  that  of  the  earth,  so  as  to  perform  a  certain  whole  number  of 
revolutions  while  the  earth  performs  one,  and  thus  to  complete  the 
cycle  in  one  year,  at  the  end  of  which  the  zodiacal  light  and  the 
earth  return  to  the  same  relative  position  in  space.  This  necessarily 
follows  from  the  fact  that  at  the  same  season  of  the  year  it  occupies 
the  same  position  one  year  ynth  another,  and  the  same  now  as  when 
Cassini  made  his  observations  nearly  one  hundred  and  seventy  years 
ago*. 

5.  In  the  meteoric  showers  of  November,  the  meteors  are  actually 
seen  to  eomejrom  the  extreme  portions  of  the  zodiacal  light,  or  rather 
a  little  beyond  the  visible  portions;  and  the  same  was  true  of  the 
radiant  point  of  the  meteors  (when  watched,  a?  it  was  by  Mr.  Fitchf , 
from  October  16th  to  November  13th,  1837),  namely,  that  the  rar 
diant  always  keeps  the  same  relative  position  with  respect  to  the 
vertex  of  the  zodiacal  light ;  being  with  that  vertex  in  Gemini  in 
the  month  of  October,  and  travelling  along  with  it  through  the  con- 
stellation Cancer,  and  into  Leo,  where  it  was  on.  the  morning  of  the 
meteoric  shower.  Observations,  so  far  as  they  have  been  made, 
indicate  a  similar  relation  between  the  meteors  of  August  and  the 
extreme  portions  of  the  zodiacal  light. 

These  five  propositions  I  offer  as  so  mnny /acts  established  by 
observation.  Most  of  them  appear  in  the  original  paper  of  Cassini 
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*  For  the  first  suggestion  of  this  analogy,  I  am  indebted  to  one  of  my  former 
papili^  Mr.  Hubert  Newton. 

f  Amer.  Jonr.  Science^  rrriii,  880. 
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on  the  zodiacal  light  :  others  may  be  seen  in  the  tabular  collection 
by  Hoazeau  of  all  the  known  observations  made  at  different  periods ; 
a  few,  not  noted  by  others,  have  been  added  by  royselC  For  the 
inferences  here  made  respecting  the  connexion  of  this  body  with 
the  periodical  meteors,  I  alone  am  responsible. 

POSTSCRIPT. 

Early  in  September  1851,  accompanied  by  a  few  students  of  the 
senior  class  in  Yale  College,  I  commenced  observations  on  the  zo- 
diacal light,  and  continued  them  on  favorable  mornings  through  the 
autumnal  months.  Having  before  me  the  original  memoir  of  Cassini, 
I  have  felt  interested  in  comparing  his  account  of  the  same  phe- 
nomenon at  corresponding  dates ;  being  careful  not  to  institute  the 
comparison  until  after  the  record  of  each  of  my  own  observations 
was  completed.  The  general  agreement,  in  regard  to  position  among 
the  stars  and  other  particulars,  strengthens  the  conclusions  I  had 
before  drawn,  that  the  zodiacal  light  is  one  and  the  same  thing  now 
that  it  was  in  the  days  of  Cassini,  one  hundred  and  seventy  years  ago, 
and  that  its  successive  positioju  are  the  same  at  corresponding  seasons 
of  the  year. 

September  8.  Obseryed  the  lodiacal  light  from  8h  to  Sh  SOm  a.  m.  Sky  very 
dear.  Light  feeble  and  diffuse.  lies  between  Pollux  and  Beta  Cania  Minork 
Vertex  near  the  planet  Mars,  sonth  of  Epsilon  Geminonun.    Elongation  63^. 

[  CiussiNi :  September  4, 1685.  La  lumi^re  paroissoit  but  la  poitrine  dea  Jomeanx] 

September  26.  From  4h  till  daybreak.  Sky  remarkably  dear.  light  very  bright 
for  the  time  of  year.  Vertex  between  the  planet  Mars  (AR  108^,  Dea  N.  2S^) 
and  Pollux.  North  lat  8^.  Elongation  70^.  Korth  boundaiy  line  passes  through 
Denebola  and  Epsilon  Leonia.  South  line  6°  south  of  Regulus.  Breadth  across  Iieo 
17^.  At  the  horizon  exceeds  20^,  but  ill  defined.  Regulus  and  Presepe  in  the 
denser  part,  but  both  distinctly  yisible. 

[  Cassjni  :  September  19,  1687.  A  4  heures  du  matin  la  lumi^re  s'itendoit  sor 
le  Lion  et  sui  rEcrevisse,  et  se  terminoit  i  l'6toile  de  la  poitrine  des  Jmneaux. 
Le  ooBur  du  Lion  6toit  pres-qu'au  milieu  de  sa  largeur  :  son  c6t6  septentrional 
passoit  par  les  6toiles  du  col  du  Lion,  et  le  meridional  pr^s  de  la  t^te  de  lliydre. 
Sept  24.  A  4  heures  la  lune  se  concha ;  et  apres  qu*elle  fut  entirement  couch^e^ 
la  lumi^re  paroissoit  plus  dair  sur  le  Lion,  quoique  la  voye  de  lait  k  la  mdme 
hauteur  ne  parAt  presque  point  Sa  longeur  se  terminoit  inscnBibtement  aux  ge- 
noux  des  Jumeaux,  de  sorts  que  depuls  le  soleil  die  6toit  de  80  degr^s.] 

October  8.  Sky  perfectly  clear.  Some  of  the  young  men  present  could  trace  the 
light  as  high  as  Chi  Geminorum,  dongation  80^ ;  but  I  was  unable  to  see  it  aboye 
the  Beehiye. 
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Oeieber*!.  Morning  dear.  Obeerredfrom  Sh  45m,  accompanied  by  thirteen  joimg 
gentlemen  of  the  senior  class.  Apex  scarcely  visible  much  above  the  Beehive  : 
elongation  '76^.  Daring  half  an  hom:  we  counted  24  shooting  gtars^f  which  19 
came  from  the  region  aronnd  the  apex  of  the  zodiacal  iight^^  although  the  point 
of  radiation  was  less  definite  than  at  the  anniversaries  of  August  and  November. 

October  8.  Clear.  At  4h  20m  apex  a  little  north  of  the  Beehive,  elongation  71^. 
Sonthen  boundary  yeers  a  little  to  the  north,  coming  within  6^  of  RegulusL 
Shooting  stars  again  unusually  frequent,  but,  with  one  or  two  exceptions^  very 
amall  :  counted  24  in  half  an  hour,  of  which  20  came  from  the  region  of  Cancer, 
but  from  an  indefinite  space  of  10^  around  the  Beehive  The  following  description 
would  i&pply  very  nearly  to  the  present  appearances  of  the  zodiacal  light : 

[  Cabsini  :  October  8,  1687.-  Le  8  Octobre  k  8  beures  du  matin  la  lumi^re  parOt 
fort  daire  but  kt  constellation  du  Lion,  dont  le  cooiur  la  divisoit  in^galement;  de 
florte  qu'un  tiers  4toit  du  cdt6  du  Midi,  et  lea  deux  autres  tiers  du  cdt6  du  Sep- 
tentrion.  Les  pieds  du  Lion  6toienl  k  son  terme  meridional,  et  la  moyenne  du  col 
k  son  septentrional ;  ainsi  sa  largeur  6toit  de  14  degr6s.  Elle  ne  passoit  pas  au- 
desBOB  du  cosur  du  Lion.] 

October  23.  first  morning  without  the  presence  of  the  moon.  Not  very  clear. 
Observed  from  4h  to  4h  30m.  Light  seems  to  have  veered  still  farther  northward : 
acarcely  visible  south  of  ^egulus ;  whereas,  on  the  8th,  it  was  5^  south ;  but  this 
in  part  at  least  is  owing  to  its  narrowing  towards  the  veitex,  which  is  approach* 
ing  Regulus. 

/November  1.  From  4h  20m  to  4h  55m.  Light  between  Regulus  and  Gamma 
Leonia    Elongation  85^. 

November  6.  From  4h  80m  to  6h.  light  well  exposed,  but  less  bright  than 
aometimes  heretofore.  Elongation  86®.   Apex  2°  or  8°  north  of  the  ecliptic. 

Shooting  stars  less  and  less  frequent  sin^e  the  8th  of  October. 

Nowmcer  13  &  14.     Sky  overcast 

Novemher  20i  First  morning  could  observe,  on  account  of  the  moon.  Observed 
from  4h  to  4h  30m.  Light  very  indistinct  and  difiuse.  Vertex  not  higher  than 
Eta  Leonis ;  scarcely  perceptible  above  Chi  Leonis.  Saw  it  last  evening  imme- 
diately after  twilight,  extending  towards  the  head  of  Capricorn,  but  very  faint 
And  diffuse. 

December  2.  Cold  and  clear.  Light  grazes  Spica  Yirginis^  oh  its  southern  bor- 
der. Apex  near  Gamma  Viiginis.  Elongation  63^. 

[CAflfiun  :  December  4,  1685.  Le  4  Decembre  k  5  heures  15  minutes  du  matiil 
la  lumi^re  s'^tendoit  sur  la  partie  inferieure  de  la  Vierge,  et  se  terminoit  insensi- 
blemcBt  pr^s  de  la  oeinture  4  68®  de  distance  du  soleil.  Mle  comprenoit  les  autres 
etoiles  de  la  Yierge  au-dessous  de  la  ceinture  jusqu'aux  pieds,  et  celles  que  Ton 
▼oyoit  de  la  Balance.] 

December  16.  At  6h  30m  p.  m.  Hi-defined  :  northern  boundary  passes  through 
Alpha  Capricorni  and  Beta  Aquarii.  Vertex  diffuse  and  faint,  among  the  stars  of 
the  pentagon  in  Pisces.  Elongation  eastward  of  the  sun,  85®.  Casaini,  Dec  18th, 
16S5,  gives  the  elongation  86®. 
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26.  On  th«  QueiN  of  tbe  Forms  and  hiebsnt  State  or  some  op 
THE  Clusters  of  Stars,  and  rbbolyable  Nebuljb.  By  Prof. 
Stephen  Alexander,  of  Princeton. 

Evert  explanation  of  a  pbysica]  phenomenon  should  be  adequate 
in  two  respects  :  in  mode,  and  in  measure.  This  may  be  illustrated 
by  an  example  or  two. 

Whiston  attributed  the  deluge  to  the  near  approach  of  a  comet. 
Irhe  explanation  was  appropriate  in  mode,  unce  the  attractiye  force 
of  such  a  body  would  tend  to  raise  the  waters  of  the  ocean,  t .  e.  cause 
a  tide ;  but  the  explanation  was  inadequate  in  measure,  as  the  mass 
*  of  the  comet  would  be  insufficient,  and  the  comet  could  be  near  to 
the  earth  for  but  a  very  short  time. 

An  explanation  of  a  celestial  phenomenon  which  should  suppose 
the  rotation  of  the  heavens  to  be  real,  would,  in  many  cases,  be  right 
in  measure ;  since  the  time,  and  some  other  circumstances,  would 
not  be  altered  in  measure,  if  such  a  hypothesis  were  tenable ;  but 
every  explanation  founded  upon  it  would  be  vrrong  in  mode,  since 
the  very  reverse  of  such  a  hypothesis  is  indeed  the  fact. 

The  nebular  hypothesis  was  admitted  long  since  to  be  right  in 
mode  :  the  happy  application  by  Mr.  Walker  of  Prof.  Kirkwood's 
beautiful  analogy,  has  shown  it  to  be  very  probably  right  also  in 
measure. 

The  considerations  which  I  have  presented  in  the  Astronomical 
Journal  of  March  last,  go  to  show  that  the  asteroids  and  comets  of 
short  period  have  a  common  origin ;  or  that  masses  of  matter  which 
are  now  confessedly,  some  nebulous  and  some  planetary,  have  be^i 
^  once  associated. 

L  The  communication  which  I  last  year  made  to  the  Association  al 

I  New-Haven,  tended  to  show  that  the  sun  was  anciently  a  body  sur- 

W  rounded  by  two  rings  similar  to  those  of  Saturn ;  and  that  from  the 

inner  ring  were  formed  the  planets  from  Mercury  to  Saturn  inclu- 
sive, while  from  the  outer  ring  were  formed  Uranus  and  Neptune, 
if  no  more.  If  the  liquid  state  of  the  rings,  which  Mr.  Bond  and 
Prof.  Peirce  have  shown  to  prevail  in  the  case  of  Saturn,  were  also 
admissible  in  the  case  of  the  sun,  then  the  rending  of  those  rings 
might  give  rise  to  the  planets  now  known  to  exist,  and  their  relative 
size  would  be  in  some  measure  accounted  for. 
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This  allusion  to  the  nebular  hypothesis  and  its  applications  is  not 
unimportant,  since  it  has  in  some  measure  furnished  the  basis  for  a 
much  more  extensive  generalization. 

At  least  two  forms  of  equilibrium  of  a  given  rotating  mass  are 
usually  admissible ;  both  spheroids,  but  the  one  of  a  vastly  greater 
ellipticity  than  the  other.  In  the  case  of  the  earth  supposed  homoge- 
neous, one  of  these  forms  would  approach  very  nearly  to  that  which 
at  present  exists ;  the  other  would  exhibit  a  ratio  of  the  axes  of 
680}  to  1. 

The  material  of  which  some  of  the  clusters  and  resolvable  nebulae 
were  formed,  may  have  been, 

1.  A  fluid  spheroid  of  great  ellipticity;  the  gradual  cooling  of 
which  might  increase  its  velocity,  and  produce  a  rupture  and  dis- 
persion which  would  respectively  give  rise  to  the  present  forms  of 
the  spiral  nebulae  observed  by  Lord  Rosse.  The  milky  way  may 
have  this  form. 

2.  A  ring  may  have  been  the  primary  form,  or  a  spheroid  may 
have  been  transformed  into  a  ring,  the  subsequent  rupture  of  which 
might  give  rise  to  other  recognized  fjprms. 

3.  The  simultaneous  rupture  of  a  ring  might  give  rise  to  the  an- 
nular nebula  in  Lyra  and  others. 

4.  The  simultaneous  rupture  of  a  spheroid  might  give  rise  to  the 
"  Dumb-bell  "  nebula  and  others. 

5.  Globular  nebulae  also  show  traces  of  similar  action. 

These  changes  are  still,  as  it  would  seem,  progressing ;  though 
their  progress  can  scarcely  be  sensible  for  a  century  or  more,  because 
of  the  vast  scale  on  which  the  changes  must  take  place. 

Prof.  MiTCHEL  desired  to  express  the  intense  interest  with  which 
he  had  listened  to  the  paper  of  Prof.  Alexander ;  and  also  his  sur* 
prise,  since  when  he  himself  was  about  to  commence  a  similar  in- 
vestigation some  years  ago,  he  found  upon  his  table  a  note  begging 
him  to  desist  from  such  an  "  atheistical  **  attempt !  That  day,  how- 
ever, he  trusted,  had  gone  by.  He  sidded,  that  his  own  observations 
confirmed  the  views  of  Prof.  Alexander. 


i 
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27.  Statement  of  the  Results  of  a  set  of  Obsertationb  in 

REPETITION   of    THE   FoUCAULT   EXPERIMENT.        By   ProfeSSOIB 

Caswell  and  Norton. 

The  substance  of  these  observations  was  communicated  by  Pro£ 
Norton. 

The  pendulum  was  suspended  in  a  tower  at  the  Railroad  Depot 
building  at  Providence,  and  was  97  feet  in  length ;  the  weight  was 
a  little  less  than  40  lbs.  It  was  a  ball  of  lead,  nearly  spherical ; 
through  the  centre  of  which  passed  a  perfectly  straight  jsteel  rod, 
about  ^  of  an  inch  in  diameter.  This  rod  was  tapered  to  a  point 
below  the  ball.  At  the  other  extremity  it  was  provided  with  a  cap, 
to  screw  on  and  off,  for  the  more  convenient  attachment  of  the  vrire, 
which  passed  through  a  smal)  hole  in  the  centre  of  the  cap.  The 
leaden  ball  was  cast  around  the  rod,  and  then  turned  in  a  lathe. 

By  careful  trial,  it  was  found  that  the  centre  of  gravity  was  truly 
situated  on  the  axis.  The  wire  by  which  the  weight  was  suspended 
was  of  brass,  half  annealed,  and  was  0,035  of  an  inch  in  diameter. 
It  was  attached  at  the  top  id  A  screw  bolt,  passing  through  a  small 
hole  in  the  head  of  it. 

All  the  openings  in  the  tower  were  carefully  closed  up,  to  secure 
as  tranquil  a  state  of  the  air  within  it  as  possible.  Beneath  the  weight 
was  placed  a  circular  table,  a  little  over  five  feet  in  diameter,  the 
circumference  of  which  was  divided  into  degrees.  The  point  of  the 
rod,  when  the  weight  was  at  rest,  was  directly  over  the  centre  of  the 
table,  and  vnthin  a  small  fraction  of  an  inch  of  it.  The  table  was 
provided  vnth.  an  index,  movable  around  its  centre,  and  extending 
entirely  across  it  and  somewhat  beyond  the  outer  circular  rim.  At 
each  end  of  this  index  was  an  upright  sight-vane,  having  a  slit  tra- 
versed by  a  fine  thread,  and  also  a  vernier  for  reading  the  angles. 
A  black  thread  was  stretched  across  from  the  zero  of  one  vernier  to 
that  of  the  other,  and  passing  through  the  centre  of  the  table. 

In  starting  the  pendulum,  the  weight  was  first  divested  of  any 
tendeficy  to  rotatory  movement,  and  then  carefully  and  slowly  drawn 
to  one  side,  and  attached  to  one  of  the  uprights  by  a  loop  with  a 
single  cotton  thread  leading  from  it.  The  point  of  the  rod  below  the 
weight  was  then  adjusted  to  the  zero  of  the  contiguous  vernier;  and 
after  it  had  become  perfectly  still  in  this  position,  the  thread  was 
burnt.   The  arc  of  oscillation  traversed  by  the  weight  was  about 
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5^  feet,  and  the  time  of  oscillation  5  seconds.  The  movement  of  the 
plane  of  oscillation  was  followed  and  measured  by  moving  the  index. 
The  observations  weore  generally  made  every  ten  minutes,  and  the 
angles  read  by  both  observers,  each  observer  having  charge  of  a 
vernier,  and  usually  were  continued  for  an  hour  :  in  one  instance, 
they  were  continued  for  three  hours.  Whenever  the  elliptic  move- 
ment of  the  weight,  which  was  found  almost  always  to  arise  after  a 
time  to  a  greater  or  less  extent,  became  very  marked,  the  period  of 
observation  was  shortened  to  half  an  hour,  or  even  less.  The  ob- 
servations were  made  at  all  parts  of  the  circle ;  that  is,  the  pendulum 
was  started  from  various  points,  so  that  the  plane  of  oscillation  might, 
at  the  outset,  have  every  variety  of  position. 

It  will  be  perceived  that  the  observations  were  conducted  in  a 
manner  calculated  to  eliminate  errors  of  graduation  and  eccentricity. 
It  ought  to  be  stated,  however,  that  the  number  of  observations  hi- 
therto made  is  not  sufficient  to  warrant  the  conclusion  that  the  mean 
of  the  results  of  the  individual  observations  is  very  exact,  especially 
as  the  graduation  of  the  circle  was  made  by  hand.  The  number  of 
observations  of  the  movement  of  the  plane  of  oscillation,  during  an 
interval  of  an  hour  or  half-hour,  is  23.  In  the  case  of  four  of  the 
observations,  the  elliptic  movement  was  so  large  that  the  results 
cannot  be  relied  upon ;  and  in  the  case  of  three  others,  the  results 
differ  so  widely  from  the  mean  of  th6  others,  that  they  must  be  re- 
garded as  anomalous,  and  it  is  accordingly  believed  that  they  ought 
to  be  rejected.  The  mean  is  therefore  derived  from  only  16  observa- 
tions :  it  can  only  be  regarded  as  an  approximation  to  the  result 
sought.  It  is  proposed  to  continue  the  observations,  if  practicable,  in 
the  hope  of  obtaining  a  closer  approximation. 

According  to  the  sixteen  observations  taken  into  account,  the  mean 
motion  per  hour  is  9°  57,3'.  The  theoretical  motion,  in  the  latitude 
of  Providence,  is  10°  0,1' ;  that  is,  2,8'  greater  than  the  result  of 
the  observations.  As  to  the  amount  of  the  elliptic  movement  ob- 
served, there  was  only  one  instance  in  which  none  was  perceptible 
during  an  entire  hour  :  in  the  other  instances,  the  conjugate  axis 
was  between  zero  and  half  an  inch  in  length.  In  the  case  of  the  ob- 
servations rejected,  it  amounted  to  an  inch  and  a  half  or  more.  The 
slowest  motion  observed  was  8°  39',  and  the  most  rapid  10°  5i'. 

It  does  not  appear  that  the  irregularities  observed  are  attributable 
to  the  elliptic  movement.  Some  of  the  largest  deviations  from  the 
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general  mean  occurred  when  this  movement  was  very  slight.  As  to 
the  direction  of  the  elliptic  revolution,  it  was,  in  the  majority  of  in- 
stances, indirect,  or  contrary  to  that  of  the  motion  of  the  h^ids  of  a 
watch.  In  only  four  instances  out  of  twenty-three,  was  a  motion  in 
the  contrary  direction  observed. 


28.  On  the  Pendulum  Experiment.    By  Prof.  J.  D.  Dana. 

[Not  received,] 


29.  The  Pendulum  at  Bunker-Hill  Monument.     By  Professor 

E.  N.  HORSFORD. 

The  interest  felt  by  the  public  generally  in  the  great  experiment  of 
Foucault,  and  the  attention  v^hich  has  been  directed  to  the  repetition 
of  this  experiment  at  the  Bunker-Hill  Monument,  will  justify  a  brief 
account  of  the  apparatus  there  employed,  and  the  results  there 
arrived  at. 

The  ball  used  for  the  pendulum  is  a  thirty-two  pound  iron  cannon 
ball.  It  was  thrown  out  in  some  excavations  on  Charlestown  Neck, 
some  years  since,  and  is  supposed,  from  the  number  of  others  of  the 
same  size  found  in  the  same  locality,  to  have  been  discharged  from 
the  British  ship  of  war  Lively,  at  the  American  army,  near  the  close 
of  the  battle  on  the  17th  of  June  1775.  The  weight  of  the  ball  is 
now  about  thirty-one  pounds.  The  ball  is  supported  in  a  brass  meri- 
dian, to  which  is  attached  an  equatorial  ring,  with  adjusting  screws 
for  bringing  the  centre  of  gravity  directly  in  a  line  with  the  index 
below  and  the  point  of  suspension  above. 

The  ball  is  suspended  by  a  wire  210  feet  long  (known  as  No.  20 
steel  wire),  which  is  annealed,  and  secured  to  the  brass  meridian  of 
the  ball  by  a  small  screw  clamp  :  the  other  end  of  the  wire  is  secured 
in  a  similar  clamp,  which  is  attached  to  a  staple  in  the  roof  of  the 
chamber  at  the  head  of  the  Monument  stairs.  In  making  the  arrange- 
ments, it  became  necessary  to  remove  the  grating  in  the  floor  of  the 
chamber  above,  and  also  the  marble  monument  erected  by  King 
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Solomon's  Lodge  within  the  well  at  the  bottom.  To  prevent  currents 
of  air  from  affecting  the  motion  of  the  pendulum,  the  grating  above 
has  been  replaced  by  a  plank  floor ;  and  the  wire  passing  through 
the  chamber  is  encased  in  a  square  wooden  trunk,  with  panes  of  glass 
on  opposite  sides,  for  observing  the  very  small  arc  described  by  the 
pendulum  wire  at  this  height.  To  avoid  obstructing  currents  of  air 
in  the  shafl,  it  has  also  been  found  necessary  to  close  the  ventilating 
port-holes  opening  into  the  inner  shafl,  and  replace  the  iron  lattice 
gate  at  the  bottom  with  plate  glass  doors.  A  smooth  wooden  floor 
has  been  laid  at  the  bottom  of  the  shall;  from  the  centre  of  which, 
directly  beneath  the  point  of  suspension,  three  circles  have  been 
described  and  painted  white.  These  circles  are  graduated  into  360 
degrees,  which  are  figured  for  the  convenience  of  observation,  count- 
ing from  the  right.  For  more  careful  observation,  a  flat  wooden  ring 
is  erected  about  four  feet  above  the  floor,  with  a  brass  sight  on  the 
further  side,  and  a  corresponding  sight  at  the  extremity  of  an  arm 
on  the  nearer  side,  which  is  so  arranged  as  to  revolve  around  the 
axis  of  the  plane  of  oscillation.  This  ring  rests  upon  marbles,  and 
may  be  adjusted  by  movable  friction  wheels  placed  outside  the  ring, 
upon  the  inner  wall  of  the  monument.  With  the  aid  of  these  compass 
sights,  the  rotation  of  the  plane  of  oscillation  becomes  apparent  in 
less  time  than  if  the  point  at  the  bottom  of  the  ball  be  observed ;  for 
the  reason  that  the  view  is  confined  to  a  definite  line,  and  also  that 
the  distance  of  the  nearer  sight  from  the  centre  is  five  feet,  while 
the  radius  of  the  graduated  circle  on  the  fioqr  is  rather  less  than  three 
and  a  half  feet.  The  sight,  through  which  the  observation  is  made,  is 
moved  by  a  small  geared  wheel  upon  a  graduated  arc  of  brass  placed 
in  the  doorway ;  and  such  is  the  nicety  of  the  adjustment,  that  the 
progress  of  the  plane  of  oscillation  can  be  noticed  in  a  single  vibra- 
tion of  the  pendulum. 

The  mode  of  starting  the  pendulum  is  that  adopted  by  Foucault. 
The  ball  being  drawn  to  the  margin  of  the  circle,  and  secured  by  a 
thread,  is  permitted  to  come  entirely  to  rest  :  when  this  is  attained, 
which  requires  but  a  minute  or  two,  the  thread  is  burned  and  the 
pendulum  launched. 

An  unanticipated  difficulty,  in  the  movement  of*  the  monument 
itself,  and  to  which  more  particular  reference  has  been  made  in  an- 
other communication,  for  some  time  interfered  with  the  progress  of 
experiment.  The  impossibility  of  using  the  giaduation  on  the  floor, 
led  to  the  adoption  of  a  movable  section  of  a  sector  of  brass,  of  three 
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feet  radius,  having  the  degree  divisions  prolonged  six  inches  towards 
the  centre,  to  prevent  the  lessening  of  the  length  of  sweep  from 
interfering  with  observation.  The  position  of  this  plate  with  regard 
to  the  centre  could  be  determined  at  any  moment,  by  bringing  the 
pendulum  to  rest,  and  measuring  from  the  so  ascertained  centre. 

Another  difficulty  met  me  at  this  point.  The  armature  in  which 
the  ball  was  slung,  notwithstanding  the  extreme  slowness  of  the 
movement  (an  oscillation  requiring  less  than  8^g  seconds)  inteiiered 
seriously  with  the  experiment. 

Sometimes  the  plane  of  oscillation  would  sweep  through  a  degree 
in  four  minutes,  and  sometimes  it  required  eleven.  A  series  of  ex- 
periments eliminated  the  source  of  this  difficulty,  and  pointed  out  the 
mode  of  so  managing  the  apparatus  as  to  secure  trustworthy  results. 
The  vertical  brass  ring  gave  to  the  ball  a  slightly  lenticular  form  ; 
which,  it  is  obvious,  can  oscillate  uniformly  in  but  two  directions* 
to  wit,  in  the  direction  of  the  axis  of  the  lens,  and  at  right  angles 
to  it.   In  either  of  these,  I  obtained  correct  results.  As  admitting 
the  least  tendency  to  error,  I  uniformly  adopted  the  latter  direction, 
that  is,  in  which  the  plane  of  the  ring  coincided  with  the  plane  of 
oscillation.  My  observations  were  limited  to  a  single  degree,  and  that 
the  first  :  this  was  necessary  from  the  diminution  in  the  length  of 
the  sweep,  unless  I  had  constructed  a  movable  floor.   It  had  this 
advantage,  that  the  elliptical  motion  which,  after  a  longer  or  shorter 
period,  invariably  sets  in,  was  uniformly  not  appreciable.  I  have 
occasionally  watched  the  motion  of  the  pendulum  when  it  started 
under  the  fairest  circumstances,  considering  the  imperfection  of  my 
ball,  through  a  period  of  twelve  minutes,  without  detecting  elliptical 
motion,  though  frequently  it  came  on  in  less  time.  Prof  Noi*ton,  of 
Brown  University,  has  informed  me  that  in  experiments  conducted 
by  Prof.  Caswell  and  himself,  the  elliptical  motion  was  frequently 
not  observable  fbr  half  an  hour.  The  elliptical  motion  was,  with  very 
rare  exceptions,  in  the  direction  opposite  to  the  hands  of  a  watch. 
The  greatest  conjugate  diameter  of  the  ellipse  described  has  rarely 
exceeded  half  an  inch.  This  maximum,  which  frequently  was  gained 
in  less  than  twetity  minutes,  continued  for  four  hours,  the  ball  itself 
not  coming  to  rest  in  less  than  five  or  six  hours.  The  length  of  the 
arc  of  oscillation  was  six  feet,  the  whole  diameter  of  the  well  being 
but  seven  feet.  The  time  required  for  a  single  oscillation  was  8^ 
geconds  as  already  mentioned,  losing  one  second  in  224  oscillations. 
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In  observation,  I  at  first  had  the  aid  of  an  assistant,  who  counted 
the  oscillations,  while  I  observed  the  time  required  for  the  rotation 
of  the  plane  of  oscillation  through  a  single  degree.  It  was  possible 
to  observe  only  at  one  extreme  of  the  oscillation.  The  determination 
of  the  time  by  oscillations,  or  by  seconds,  if  either  one  oscillation 
too  many  or  too  few,  gave  a  range  of  error  of  32^  seconds.  It  so 
happened  that  the  length  of  the  pendulum  at  the  Monument,  and  the 
theoretical  time  at  that  locality,  were  marvellously  suited  to  each 
other.  The  time  required  (I  take  the  calculation  by  Prof.  Caswell  for 
the  State  House,  Boston)  was  5"^  56,03*.  Forty-four  oscillations,  at 
8^  seconds  for  an  oscillation,  give  5*"  55,5'. 

In  my  observations,  a  second  or  two  might  be  lost  at  the  outset  in 
carrying  the  eye  from  the  burning  thread  to  the  watch  face ;  and  at 
the  conclusion,  in  glancing  from  the  index  coincident  with  the  degree 
division,  to  the  second  hand.  But  when  not  varying  more  than  three 
or  four  seconds,  it  would  be  just  to  correct  the  time  by  the  oscilla- 
tions, since  the  time  required  for  an  oscillation  had  been  ascertained 
with  the  greatest  precision. 

I  will  here  give  a  few  of  the  observations,  with  their  average ; 
and  with  it  the  time  indicated  by  the  oscillations,  and  that  by  theory*. 


*  I  should  not  omit  to  Btaie»  that  the  conyeniences  for  these  observationB  have 
been  furnished  by  the  Massachusetts  Charitable  Mechanics'  Association,  who 
provided  the  necessary  funds  for  the  pendulum  apparatus.  The  committee  ap- 
pointed by  them,  consisting  of  Messrs.  Wightman  and  SmpsoN  of  Boston,  and  Mr, 
Bond  and  myself  of  Cambridge,  were  facilitated  in  all  their  labors  by  the  officers 
of  the  Bunker's  Hill  Monument  Association. 
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These  results  do  not  confirm  the  suggestion  that  there  is  greater 
or  less  thim  the  uniform  theoretical  velocity  of  rotation  of  the  plane 
of  oscillation  in  different  parts  of  its  orbit. 

Soon  after  the  newspaper  accounts  of  the  experiment  at  the  Pan- 
theon reached  this  country,  I  tried  an  experiment  suggested  by  a 
writer  in  the  London  Illustrated  News  ;  that  of  suspending  a  hori- 
zontal bar.  It  was  the  view  of  the  writer  that  the  bar  would  rotate, 
as  the  plane  of  oscillation  rotates. 
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I  suspended  a  copper  bar,  six  inches  long,  in  a  glass  receiver,  by 
a  slender  iron  wire  terminating  in  a  point,  on  the  polished  face  of  a 
straight  magnet.  By  additions  to  the  weight  of  the  bar,  I  reduced 
the  friction  on  the  magnet  to  the  least  measure.  The  receiver  stood 
upon  a  vrindow  sill  in  a  brick  building ;  and  the  bar  having  come  to  w 

rest,  it  continued  at  rest  through  forty-eight  hours. 

At  a  later  period,  I  suspended  in  the  Monument,  from  a  height  of 
190  feet,  a  glass  tube  two  feet  long,  laden  with  lead  at  each  end.  The 
first  60  feet  of  suspension  was  of  silk  braid,  to  reduce  the  torsion  to  a 
minimum  :  then  came  iron  wire  to  within  a  few  feet  of  the  bar,  and 
then  a  brass  wire.  So  sensitive  was  the,  bar,  that  I  found  it  impossible, 
so  long  as  I  remained  near  it,  to  bring  it  to  rest,  the  unavoidable 
currents  of  air  from  my  breath  being  sufficient  to  prevent  its  be- 
coming still.  I,  however,  reduced  its  oscillations  to  a  range  of  four 
or  five  inches  at  the  extreme  of  the  bar,  and  then  left  it  over  night  : 
in  the  morning,  it  was  entirely  at  rest.  This  was  repeated  under  such 
favorable  circumstances,  and  with  such  coincident  results,  as  to  in- 
duce me  to  believe  that  those  experimenters  who  have  noticed  a  bar, 
or  disk,  or  wheel,  to  revolve  in  a  time  corresponding  with  the  plane 
of  oscillation,  have  been  misled  by  some  concealed  source  of  error. 

I  repeated  the  experiment  of  permitting  water  to  flow  from  a 
funnel,  in  the  expectation  that  the  resultant  of  the  motion  toward  the 
centre  in  flowing  out,  united  with  the  possible  rotation  of  the  body 
of  water,  would  give  rise  to  the  spiral  movement  with  the  sun,  which 
is  very  generally  believed. 

I  took  for  this  purpose  a  tub  turned  in  a  lathe,  and  carefully  bored 
a  half-inch  hole  in  the  centre  of  the  bottom.  Into  this  hole  I  passed 
a  good  cork  from  below.  Having  filled  the  tub  (which  contained 
about  fifteen  gallons),  the  water  was  permitted  to  come  to  rest,  as 
indicated  by  particles  of  sawdust  in  the  water  and  on  its  surface. 
When  quiet  was  established,  which  required  nearly  an  hour,  the 
cork  was  withdrawn.  The  water  flowed  out  with  the  following  results 
in  seven  trials  :  In  two,  there  was  no  whirl ;  in  three,  the  whirl,  just 
perceptible  in  the  last  quart  of  water,  was  with  the  sun  ;  in  the  re- 
maining two,  the  whirl  was  in  the  opposite  direction. 

These  results  seem  to  indicate,  that  in  but  two  of  the  seven  trials, 
had  the  water  obtained  actual  rest ;  while  it  had,  in  three  of  the  other 
instances,  a  slight  motion  in  one  direction,  and  in  two  a  motion  in 
the  opposite. 
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30.  Notes  on  the  Tide;^  at  Sand  Key,  near  Ket  West,  Florida. 

By  Prof.  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey. 

* 
Hourly  observations  of  the  tides   at  Key  West,   Florida,   were 

commenced  under  instructions  from,  and  the  immediate  direction  of 

Lieut  John  Rodgers,  U.  S..N.,  Assistant  in  the  Coast  Survey,  in 

January  last.  The  results  are  of  great  importance  in  regard  to  the 

general  subject  of  the  tides  in  the  Gulf  of  Mexico.  The  observations 

up  to  June  have  been  plotted  in  diagrams,  and  are  in  the  course  of 

reduction.  To  show  their  peculiar  features,  I  have  presented  in  a 

diagram  cases  of  tides  observed  at  or  near  the  maximum  of  the 

moon's  declination  at  syzigy  and  quadrature,  and  near  the  zero  of 

declination  and  syzigies.  It  will  be  seen  that  there  are  two  high  and 

two  low  waters  daily  at  Key  West,  the  successive  tides  being  nearly 

equal,  at  or  near  the  time  of  the  moon's  passing  the  equator ;  and 

there  being  one  small  tide  and  one  larger  at  other  periods,  making 

the  diurnal  inequality  a  very  remarkable  feature  of  the  tide. 

I  find  by  examining  these  in  the  way  done  for  the  tides  at  Cat 
Island,  Louisiana,  that  the  results  may  be  represented  by  the  inter- 
ference of  a  semidiurnal  aind  diurnal  tide  wave ;  the  latter  being 
approximately  nine  or  twenty-one  hours  in  advance  of  the  former  in 
the  position  of  its  maximum  ordinate,  as  has  already  been  shown  for 
the  tides  at  the  other  locality. 

I  propose,  at  a  future  meeting,  to  present  the  discussion  of  these 
tides  to  the  Association  ;  and  at  present  refer  to  the  tables  and  dia- 
grams showing  the  decomposition  of  the  curve  of  observation,  and 
the  agreement  of  the  curve  computed  from  the  elements  with  the 
curve  of  observations.  The  average  difierence  in  the  computed  and 
observed  ordinates  is  less  than  four-hundredths  of  a  foot. 

A  consideration  of  the  mode  in  which  the  maximum  or  minimnxD 
ordinates  of  the  tidal  curve  are  derived,  will  show  that  the  difference 
of  the  two  high  and  low  waters  is  made  up  of  four  unequal  quanti- 
ties ;  two  of  which  give  the  difference  between  two  (generally)  un- 
equal ordinates  in  different  portions  of  the  diurnal  curve,  and  the 
other  two  the  difference  of  two  ordinates  not  symmetrically  situated 
in  the  semidiurnal  curve.  If  this  be  so,  this  difference  should  not 
follow  the  law  of  the  diurnal  wave. 
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I.      MAXIMUM    DECLINATION   OF   HOON. 


Moon'9  declination  S.  20°  46'; 


Sand  Eet,  January  29,  1861. 
Moon'ft  transit,  23^  03". 


(TABLE  NO.  I.— DiAOitAX  No.  1) 
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Moono  dccUnation  N.  21^  08'; 

X.  20   48; 
8l  21    17. 


SA!fD  Kkt,  April  8,  9,  A  21. 

m 

Moon*s  transit,  5^  54"; 

6    52; 
17    37. 


(  TABLE  NO.  XL— DiAflKAM  Nol  8.) 
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U.     «BBO   OF   DECLINATION   OF   MOON. 


Sand  Est,  January  22  <&  23,  1851. 

Moon's  declination  N.  1°  01';  Moon's  transit,  17^*  19"  ; 

K  S    63.  ..  18    08. 

(TABLE  NO.  ni.— DiAGKAX  No.  8.) 
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Moon's  declination  S.  0^  58' ; 

N.  2    27; 
N.  2    05; 


Saitd  EtT,  AprU  1,  14  A  29. 

Moon's  transit,  0^  12«  ; 
11    29; 
23    85+. 
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31.    An  Account  op  Longstreth's  Lunar  Formula.    By  Prof. 

B.  Peirce,  of  Harvard. 

Prof.  Peirce  Btated  that  the  title  of  his  paper  was  probably  sufficient 

to  tell  what  he  meant  to  say  ;  but  he  wished  it  distinctly  understood 

that  he  only  intended  to  give  an  account  of  a  discovery  by  a  man  I 

who  was  as  remarkable  for  his  extreme  modesty,  as  for  the  eminence  4 

of  the  position  which  he  occupied  among  the  scientific  benefactors  I 

of  the  age.  This  was  intended  for  an  account  of  Mr«  Longstreth's  ^ 

discovery,  and  was  not  his  own.  The  very  modest  manner  in  which 

Mr.  Longstreth  had  announced  his  discovery,  was  worthy  of  remark. 

He  would  read,  from  the  preface  to  the  published  tables,  all  that 

Mr.  Longstreth  had  himself  said  in  relation  to  this  great  discovery. 

It  was  as  follows  :  "  The  coefficients  deduced  from  theory  by  Da- 

moiseau,  Plana,  Pontecoulant,  and  those  deduced  from  observation 

by  Burckhardt  (though  differing  considerably),  give  the  moon's  place 

with  nearly  the  same  accuracy.  Where  a  difference  exists,  I  have 

carefully  compared  them  with  observation,  and  deduced  the  most 

probable  value."  Longstreth  had  obtained  results  which  involved  the 

troe  theory  of  the  variations  of  the  moon's  longitude.  The  results  of 

observations,  now  that  we  had  them  in  a  tabular  formula,  would  be 

sure  to  be  confirmed  by  subsequent  theory. 

The  professor  exhibited  the  tables  themselves,  showing  where 
Damoiseau  and  Plana  agree,  and  where  they  differ ;  and  stated  that 
Prof.  Airy,  of  England,  had  compared  the  results  obtained  by  Plana's 
theory  with  observation.  Longstreth's  terms  are  often  a  return  to 
the  theories  of  Damoiseau  and  Laplace.  The  difference  is  generally 
greater  between  Plana  and  Laplace,  than  between  Laplace  and 
Longstreth.  We  are  therefore  travelling  backward  to  the  theory 
propounded  by  Laplace,  while  the  supposed  advances  made  by  later 
physical  astronomers  are  assuming  their  true  position. 

Mr.  Longstreth's  terms  will  be  used  in  the  American  Nautical 
Ahnanac.  This  alone  renders  that  work  of  the  utmost  importance  to 
navigators  of  every  nation,  as  well  as  of  this  country. 

La  conclusion,  Prof.  Peirce  read  the  following  letter,  written  by 
Mr.  Longstreth  in  answer  to  a  request  of  Lieut.  Davis,  superinten- 
dent of  the  Nautical  Almanac,  for  a  copy  of  his  observations  on  the 
lunar  motions  : 
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*  Philadelphia,  7th  ma  25,  1851. 

CHARLES  HENRY  DAVIS,  Cambridge,  Mass, 

Thy  letter  of  the  20th  ult  waa  duly  received,  and  I  have  been  prevented  from 
answering  it.  I  herewith  inclose  the  coefficients  used  by  me  in  tlie  paper  referred 
to.  I  selected  the  years  1820,  '21  and  '23  for  oomparison,  as  the  errors  of  Plena's 
coefficients  are  the  largest ;  and  to  avoid  the  charge  of  unfairness,  I  have  retained 
all  the  observations  made  during  those  years;  and  where  there  is  reason  to 
question  the  correctness  of  any  of  them,  I  have  mentioned  it  In  most  of  the  cases 
where  the  errors ^re  large,  thee  will  find  by  reference  to  the  Greenwich  observa- 
tions that  no  moon-culminating  stars  were  observed.  The  years  1824  and  '26  are 
a  fair  averiage  of  errors ;  and  I  would  call  thy  attention  to  the  smallness  of  the 
Errors  after  the  transit  instrument  was  remounted  (May  28,  1625).  The  amaU^ 
corrections  of  Airy  I  have  not  made,  as  the  observations  are  not  sufficiently  ao> 
curate  to  justify  it  I  should  be  glad  to  hear  from  thee  at  thy  leisure. 

VTiih.  much  respect^  thy  friend, 

M.  FISHER  LONGSTRETH 


V.   METEOROLOGY   AIU)   METEORITES. 

32.  On  the  Influence  op  Terrestrial  Electricity  on  Climate. 

By  Daniel  Vaughan,  of  Cincinnati. 

An  abstract  of  this  paper  was  presented  by  Prof.  Henry,  wbo  stated 
that  Mr.  Vaughan  had  attempted  to  prove  that  there  was  a  current 
of  thenno-electrity  which  circulated  around  the  earth  in  the  same 
direction  as  the  sun  ;  and  that  when  there  was  a  change  in  latitude 
of  isothermal  lines,  there  was  an  interruptioti  or  break  in  the  thermo* 
electric  current.  The  origin  of  this  supposed  current  was  referred 
to  the  unequal  heating  of  the  earth's  surface  by  the  rays  of  the  sun, 
which,  passing  in  the  course  of  twenty-four  hours  entirely  around 
the  earth,  produces  a  continuous  current  in  the  same  direction. 
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33.  On  the  Distribution  of  Rain  for  the  Month  of  September. 

By  Prof.  Elias  Loomis,  of  New- York. 

About  twelve  years  ago  T  made  a  somewhat  extensive  comparison 
of  meteorological  observations,  for  the  purpose  of  testing  various 
popular  notions  with  regard  to  the  weather.  My  object  particularly 
was  to  determine  whether  any  connection  could  be  traced  between 
the  fall  oif  rain  and  the  phases  of  the  moon,  or  the  seasons  of  the 
year.  The  result  of-  this  investigation  was,  that  many  popular  pro- 
yerbs  with  regard  to  the  fall  of  rain  had  little  foundation  in  truth.  As, 
however,  the  materials  from  which  this  conclusion  was  derived  were 
quite  bulky,  I  did  oiot  offer  them  for  publication ;  but  having  noticed 
that  educated  men  have  very  extensively  adopted  many  of  these 
popular  erroi*s,  I  have  concluded  to  bnng  forward  some  of  the  do- 
cuments I  have  collected  with  reference  to  one  question,  viz.  the 
genera]  belief  of  an  unusual  fall  of  rain  about  the  time  of  the  au- 
tumnal equinox.  The  belief  in  an  equinoctial  storm  appears  to  have 
prevailed  not  only  in  this  country,  but  very  extensively  in  Europe 
for  a  long  period.  In  Nash's  Mathematical  Diary  for  1820,  published 
at  New- York,  the  following  question  is  propounded  for  solution  : 
"  Required  the  reason  tchy  storms  are  generally  prevalent  about  the 
times  of  the  equinoxes?"  I  propose  to  inquire  .whether  rain  u 
unusually  prevalent  about  the  time  of  the  autumnal  equinox. 

The  register  to  which  I  first  refer  for  an  answer  to  this  question, 
18  that  kept  by  the  Royal  Society  of  London.  This  register  was 
commenced  in  the  year  1774,  and  was  suspended  at  the  close  of  the 
year  1843.  There  was  also  an  interruption  of  six  years  from  1781  to 
1786  ;  being  64  years  of  observations.  I  have  accordingly  arranged 
the  fall  of  rain  for  each  day  of  September  during  this  entire  period 
in  appropriate  columns,  and  taken  the  sums  for  each  day  of  the 
month.  The  amounts  for  the  several  days  exhibit  considerable  in- 
equality ;  the  greatest  being  5,649  inches  on  the  24th,  and  the  least 
being  1,990  inches  on  the  3dj  the  greatest  amount  being  almost 
three  times  the  least.  It  cannot  be  doubted  that  this  inequality  is 
partly  owing  to  the  shortness  of  the  period  embraced  in  the  ob- 
servations ;  and  we  shall  eliminate  in  some  degree  the  influence  of 
causes  which  are  independent  of  the  day  of  the  month,  by  grouping 
the  observations.  If  we  take  the  sums  of  the  daily  amounts  for  in- 

tervals  of  five  days,  we  shall  obtain  the  numbers 

10 
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18,408  inches; 
20,885  . . 
19,244  . . 
19,854  . . 
23,076  . . 
22,448     . . 

Here  the  numbers  approach  much  nearer  to  equality,  the  greatest 
sum  exceeding  the  least  by  about  one  quarter  of  its  whole  amount. 
If  we  take  the  sums  for  the  two  halves  of  the  montb,  we  shall  find 
that  the  amount  for  the  last  half  is  about  one  fifth  greater  than  for 
the  first  half.  This  last  result  being  deduced  from  a  comparison  of 
1920  days,  must  be  regarded  as  indicating  a  law  of  the  climate  of 
London. 

In  order  to  determine  whether  this  result  has  any  particular  con- 
nection with  the  equinox,  let  us  compare  the  average  fall  of  rain  at 
London  for  successive  months. 

According  to  the  observations  of  Mr.  Howard,  the  average  fall  of 
rain  in  September  is  1,921  inches;  in  October,  2,522  inches;  in 
November,  2,998  inches ;  that  is,  the  fall  of  rain  in  October  is  one 
third  greater  than  in  September.  This  result  is  in  perfect  harmony 
with  that  before  discovered,  viz.  that  the  fall  of  rain  for  the  last  half 
of  September  is  one  fifth  greater  than  for  the  first  half.  We  perceive 
then  a  fluctuation  in  the  amount  of  rain,  depending  upon  the  season 
of  the  year ;  but  no  decisive  indication  that  the  rain  for  any  day  of 
September  will  be  found  uniformly  greater  than  on  both  the  pre- 
ceding and  following  days. 

We  shall  arrive  at  the  same  result,  if  we  make  the  comparison  by 

the  nufnher  of  rainy  days,  instead  of  the  quantity  of  rain.  The  greatest 

number  of  rainy  days  for  the  entire  period,  occurring  on  the  same 

day  of  the  month,  was  28,  being  on  the  27th  ;  the  least  number  was 

15,  on  the  3d.  If  we  classify  the  numbers  in  groups  of  five  days,  we 

obtain  the  following  result : 

110, 
96, 
94, 

117, 
112. 

Here  the  greatest  sum,  as  before,  exceeds  the  least  by  one  quarter 
of  its  whole  amount.  The  total  number  of  rainy  days  corresponding 
to  the  first  half  of  the  month  was  300  ;  for  the  last  half,  326  ;  being 
an  excess  of  about  one  twelfth  of  the  whole  number.  We  see  then 
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the  influenee  of  the  annual  fluctuation  in  the  increased  number  of 
rainy  days  for  the  last  half  of  the  month  ;  but  no  decisive  indication 
that  any  day  of  September  could  be  selected  as  more  exposed  to 
rain  than  both  the  preceding  and  following  days. 

I  will  not  attempt  to  conceal  that  the  amount  of  rain  for  the  five 
days  embracing  the  equinox  is  greater  than  for  any  other  period  of 
five  days  throughout  the  month  ;  but  if  any  one  should  be  disposed 
to  attach  any  special  importance  to  this  circumstance,  I  would  re- 
mark that  the  amount  of  rain  for  the  last  five  days  of  the  month  falls 
short  of  the  amount  for  the  preceding  five  days  by  less  than  three 
per  cent,  and  that  this  quantity  is  too  small  to  afford  any  satisfactory 
basis  for  a  conclusion  in  a  research  of  this  kind.  Certain  it  is  that 
the  difference  is  too  small  to  be  detected  without  a  most  careful 
observation  of  the  rain-gauge  ;  and  inasmuch  as  the  popular  belief 
on  this  subject  was  certainly  never  derived  from  meteorological 
journals,  I  do  not  hesitate  to  conclude  that  the  common  opinion  of 
an  unusual  fall  of  rain  at  London  about  the  time  of  the  autumnal 
equinox  has  been  taken  up  without  reason. 

I  now  proceed  to  inquire  what  foundation  there  may  be  for  a 
similar  opinion  in  the  United  States.  And  here  we  encounter  a  dif- 
ficulty, arising  from  the  want  of  a  continued  register  of  the  fall  of 
rain  at  a  single  locality  for  any  long  period.  Most  of  the  early  me- 
teorological observers  paid  little  attention  to  the  amount  of  rain.  I 
have  been  unable  to  find  any  register  in  this  country,  furnishing  the 
amount  of  rain  for  more  than  about  a  quarter  of  a  century.  I  have 
accordingly  taken  for  comparison  the  observations  made  at  Albany 
under  the  direction  of  the  Regents  of  the  University  of  the  State, 
embracing  a  period  of  24  years.  The  greatest  sum  for  any  one  day 
of  the  month  of  September,  for  the  entire  period,  is  7,18  inches,  on 
the  3d ;  the  least  sum  is  0,97  inches,  on  the  17th.  The  inequalities 
from  day  to  day  are  so  striking,  as  to  indicate  clearly  that  the  period 
of  comparison  is  too  short  to  eliniinate  the  effect  of  any  causes  in- 
dependent of  the  day  of  the  month.  Let  us  then  group  the  observa- 
tions in  periods  of  five  days,  and  we  shall  obtain 

20,62  inches; 
8,81  .. 
13,34  .. 
18,82  . . 
17,16  . . 
18,48     .. 
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The  first  five  days  of  the  month  furnish  the  greatest  amount  of 
rain,  and  the  next  five  days  the  least  amount.  So  far  then  as  these 
observations  indicate  any  influence  of  the  day  of  the  month  upon 
the  amount  of  rain,  they  would  lead  to  the  conclusion  that  an  unusual 
fall  of  rain  is  to  be  ei^pected  about  the  3d  of  September. ;  and  that 
from  the  6th  to  the  10th  of  the  month,  it  will  be  unusually  dry.  In 
point  of  fact,  1  consider  such  a  conclusion  premature.  Certainly  the 
observations  afford  no  countenance  to  the  impression  that  an  unusual 
fall  of  rain  is  to  be  expected  about  the  time  of  the  equinox.  It  is 
worthy  of  note,  that  foe  23  successive  years,  no  rain  is  recorded  as 
having  fallen  on  the  6th  of  the  month ;  so  that  one  year  ago,  it  would 
have  been  a  legitimate-inference  from  these  observations,  that  on  the 
6th  of  September  it  never  rains  at  Albany.  This  circumstance  plain- 
ly indicates  the  necessity  of  extending  our  observations  over  a  long 
period  of  time,  if  we  would  entirely  eliminate  the  influence  of  ac- 
cidental causes.  It  is  also  suggested  that  probably  no  citizen  of  Albany 
has  ever  noticed  this  remarkable  absence  of  rain  for  23  years ;  and 
still  I  doubt  not  there  are  thousands  who  will  tell  us  that  they  have 
always  noticed,  that  if  it  rains  on  the  first  sabbath  of  a  month,  it  is 
sure  to  rain  on  each  succeeding  sabbath. 

In  order  to  supply  as  far  as  possible  the  want  of  a  series  of  ob- 
servations sufHciently  long,  I  have  had  recourse  to  the  Journal  of 
Dr.  HoLTOKE,  kept  at  Salem  (Mass.)  from  1786  to  1828 ;  in  which 
it  was  recorded  each  day  whether  it  was  fair,  cloudy,  or  rainy,  al- 
though the  amount  of  rain  was  not  registered.  I  have  taken  the  sum 
of  the  rainy  days  for  each  day  of  the  month,  and  have  appended  to 
this  the  Albany  register,  making  thus  a  continued  record  for  65 
years.  The  greatest  number  of  rainy  days  on  any  one  day  of  the 
month,  for  the  entire  period,  was  25  on  the  5th  ;  and  the  least  num- 
ber was  12,  on  the  6th.  In  order  to  eliminate  the  influence  of  foreign 
causes,  we  will  group  the  observations  in  periods  of  five  days,  and 
we  obtain  the  following  numbers  : 

98  ruDB; 

76 

90 

88 

89 

91 
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So  far  tben  as  these  observations  indicate  any  influence  of  the  day 
of  the  month  upon  the  amount  of  rain,  they  lead  to  the  conclusion  that 
the  first  five  days  of  September  are  unusually  rainy,  anfl  the  second 
^ye  days  unusually  dry.  In  point  of  fact,  I  regard  such  a  conclusion 
as  premature ;  but  the  observations  clearly  indicate  that  there  is  no 
more  reason  to  expect  rain  at  the  time  of  the  autumnal  equinox,  than 
on  the  week  preceding  or  the  week  following. 

From  all  these  observations,  I  infer  that  the  popular  notion  of  an 
unusual  fall  of  rain,  either  in  Old  England  or  in  New  England,  about 
the  time  of  the  autumnal  equinox,  is  wholly  unfounded ;  and  is  akin 
to  those  superstitions  which  make  some  particular  day  of  the  month 
'* observation  day"  for  the  entire  month,  or  make  the  fall  of  rain 
dependent  upon  the  annual  meeting  of  Quakers ;  or,  in  the  language 
of  the  Poet, 

If  the  first  of  July  be  rainy  weather, 

Twill  rain  more  or  less  for  forty  days  together. 
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1:58  A.  MATHEMATICS   AND   PHYSICS. 

Mr.  W.  C.  Redfibld  remarked,  that  nothing  could  be  more  un- 
founded than  the  traditional  notion  of  an  immediate  or  special  con- 
nection between  the  equinox  and  the  storms  gf  that  period.  The 
meteorological  records  which  he  had  examined,  afford  no  grounds 
for  this  very  prevalent  opinicm ;  as  will  equally  appear,  whether  we 
view  the  fall  of  rain  as  alone  constituting  the  storm,  or  consider  the 
rain  as  but  a  common  though  not  essential  feature  of  a  storm  or  gale. 

(In  further  discussion  on  Prof  Loomis's  paper,  Dr.  Hare  referred 
to  another  paper  of  Prof.  Loomis  on  the  storm  of  December  1836, 
as  proving  the  progress  of  that  storm  towards  the  southeast,  and 
thus  far  confuting  the  views  of  Mr.  Redfield.) 

Mr.  Redfield  said,  in  regard  to  the  storm  of  December  1836,  so 
elaborately  investigated  by  Prof.  Loomis,  its  alleged  line  of  progress 
towards  the  southeast  he  deemed  as  not  accordant  with  the  baro- 
metric  observations  which  Prof.  Loomis  had  adduced.  For  if  the  true 
line  of  progress  be  that  of  the  area  of  greatest  barometric  depression 
in  the  storm,  as  Dr.  Hare  justly  admits,  it  will  be  found  from  the 
barometric  observations  at  Syracuse,  Montreal  and  Quebec,  when 
compared  with  those  east  of  the  Hudson  and  at  Halifax,  that  the 
actual  progress  of  the  barometric  minimum  or  nucleus  of  the  storm 
was  towards  the  northeast^  passing  over  the  valley  of  the  St.  Law- 
rence in  its  course.  This  greatly  affects  some  of  the  inductions  re- 
garding the  phenomena  of  that  storm. 


34.  Strictures  on  Professor  Espy's  Report  on  Storms  to  the 
Secretary  or  the  Navy,  as  respects  the  Theoretical  In- 
ferences.    By  Dr.  Robert  Habs. 

I  have  seen  a  report  made  to  the  Secretary  of  the  Navy  by  Pro£ 
EsPT,  which,  so  far  as.  it  correctly  records  the  phenomena  of  various 
stoFms,  must  be  honorable  to  the  author,  and  worthy  of  the  depart- 
ment of  our  government  under  whose  auspices  it  has  been  made. 
Doubtless,  in  this,  as  in  other  publications  originating  from  the  same 
source,  there  may  be  a  great  exhibition  of  ability,  science,  and  zeal : 
nevertheless,  I  question  the  propriety  of  making  any  particular 
hypothesis  the  subject  of  an  official  report  by  its  author,  an  ardent 
advocate,  unaccompanied  by  a  fair  summary  of  the  objections  which 
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have  been  made  to  it,  or  any  notice  of  any  othqr  hypothesis  which 
may  have  been  advanced  as  preferable.  With  Prof.  Espy's  opinions 
I  concur  so  far  as  to  agree  in  the  inference  that  hurricanes  and  tor- 
nadoes are  the  consequence  of  the  ascent  of  air  from  a  focal  area  or 
intermediate  space,  by  which  a  confluence  from  two  or  more  oppo- 
site quarters,  to  supply  the  deficit  thus  arising,  is  induced ;  yet  we 
differ  as  to  the  cause  of  the  ascent  of  the  air  in  such  cases.  In  the 
yeai*  183o  I  advanced,  before  a  meeting  of  the  American  Philoso- 
phical Society,  that  the  cause  of  the  ascent  in  question  was  a  dis- 
charge of  electricity  between  the  earth  and  sky.  This  explanation 
was  made  the  subject  of  a  memoir  publlslied  in  the  transactions  of 
that  society  in  the  year  1836. 

I  will  endeavor  to  give  a  sketch  of  the  views  which  I  now  enter- 
tain on  this  subject,  hoping  to  present  them  more. briefly  and  forcibly 
than  I  did  at  that  tim^ 

Every  person  familiar  with  the -iphenomena  of  electricity  as  pro- 
duced by  an  electrical  machine/  ihust  bo  aware  that  there  are  two 
modes  in  which  a  discharge  may  be  effected  between  the  oppositely 
charged  surfaces  of  conductors,  or  of  a  coated  electric.  In  one  case, 
simultaneously  with  the  discharge,  a  vivid  spark  is  seen  to  take 
place ;  in  the  other  case,  some  movable  body,  such  as  a  bell-clapper, 
a  pith-ball,  or  a  blast  of  air  issuing  from  a  projecting  point,  is  made 
to  convey  electricity  from  one  surface  to  the  other,  until  a  discharge 
is  accomplished.  The  latter  process  has  been  designated  by  Faraday 
as  the  convective  discharge,  from  convehot  to  carry  ;  while  the  former 
is  designated  as  diruptive,  from  dirumpo,  to  break  through ;  since, 
in  this  case,  the  opposite  waves  break  through  the  air,  conveying  the 
whole  charge  st,  once ;  while  in  the  other  process,  the  opposite  ex- 
citements are  gradually  neutralized  by  successive  contacts  with  the 
matter  passing  from  one  surface  to  the  other.  Notoriously  either  of 
these  discharging  processes  may  be  substituted  for  the  other,  by  a 
slight  variation  of  distance. 

Thus,  in  the  experiment  in  which  pith-balls  are  made  to  resemble 
hail,  by  dancing  between  Qpp<teitely  electrified  disks,  an  approxima- 
tion of  one  of  the  disks  towards  the  other  induces  a  spark  or  dirup- 
tive discharge,  and  thus  causes  dancing  to  cease.  In  Cuthbertson's 
balance  electrometer,  the  movable  ball  approaches. that  which  is 
stationary,  in  obedience  to  the  convective  process ;  but  as  soon  as 
the  distance  between  the  balls  is  reduced  within  the  striking  distance, 
a  diruptive  discharge  ensues,  indicated  as  usual  by  a  spark. 
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It  follows  that  by  a  slight  variation  as  to  distance,  the  same  degree 
of  electrical  excitement  may  be  productive  either  of  a  convective  or 
of  a  diruptive  discharge.  Excepting  a  prodigious  disparity  in  mag- 
nitude, the  diruptive  spark  discharge  is  universally  recognized  bb 
perfectly  similar  to  lightning  :  both  are  admitted  to  be  due  to  dis- 
charges of  electrical  accumulations,  differing  only  as  to  magnitude. 
Since,  agreeably  to  this  exposition,  susceptibility  of  commutation 
exists  as  respects  diruptive  discharge  in  its  minuter  forms  and  con- 
vective discharge  upon  the  same  scale,  does  it  not  follow  that  the 
former,  as  produced  by  the  gigantic  processes  of  nature,  should  be 
commutable  with  a  convective  process  of  corresponding  immensity  ? 
But  if  the  spark  or  diruptive  discharge  is  exemplified  by  lightning, 
how  is  the  latter  to  be  exemplified  ?  Where  is  there  any  gigantic 
meteorological  process  which  can  supply  the  deficiency,  excepting 
that  of  the  tornado  or  hurricane,  which  last  may  be  viewed  as  a 
tornado  on  a  scale  of  preeminent  grandeur? 

If  from  a  point  electrified  by  a  machine,  a  blast  of  air  may  proceed 
as  strong  as  from  a  blowpipe  supplied  by  a  bellows,  may  not  an 
enormous  blast  be  emitted  from  every  terrestrial  prominence  elec- 
trified by  the  powerful  apparatus  of  nature,  as  much  gi*eater  than 
that  of  a  blowpipe,  as  a  spark  of  lightning  of  a  mile  in  length  ex- 
ceeds that  yielded  by  an  excited  conductor  or  charged  jar  ?  So  long 
as  there  is  an  ascent  of  air  consequent  to  electrical  convection,  there 
must  be  a  confluence  of  the  same  fluid  from  two  or  more  opposite 
quarters  to  supply  the  deficit  thus  created ;  and  the  air,  as  it  follows 
the  electrified  column,  being  successively  similarly  electrified,  that 
enduring  trunk  or  column  is  formed  and  sustained  which  character- 
izes tornadoes  or  waterspouts. 

Within  this  travelling  trunk,  which,  in  its  form,  contortions  and 
deleterious  power,  resembles  that  of  an  enormous  elephant,  as  mis- 
chievous as  gigantic,  bodies  are  not  only  subjected  to  the  same  con- 
vective influence  as  the  air,  but  are  also  exposed  to  the  upward  force 
arising  from  a  vertical  blast.  On  each  side  of  the  track  which  marks 
the  progress  of  the  trunk,  bodies  are  subjected  to  the  confluent  blasts 
which  rush  in  to  supply  the  upward  current. 

The  alternation  of  the  convective  and  diruptive  discharges  was 
well  exemplified  in  the  phenomena  of  the  Providence  Tornado  of 
1840,  as  described  by  a  most  worthy  and  well-informed  observer, 
Zachariah  Allen,  Esq.  As  soon  as  the  trunk  reached  the  river,  the 
water  throughout  the  included  area  rose  up  as  in  a  state  of  ebullition 
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by  the  convective  influence ;  but  a  diruptive  discharge  in  the  form 
of  lightning  taking  place,  the  foam  subsided  momentarily,  yet  rose 
again,  until  by  another  spark  of  lightning  another  subsidence  ensued. 
Were  ever  facts  more  accordant  with  an  explanation,  than  those 
observed  by  Mr.  Allen  with  the  hypothesis  which  I  advanced  ? 

Hurricanes  may  be  considered  as  the  consequence  of  a  convective 
electrical  discharge,  ou  a  vastly  more  extensive  scale  than  tornadoes. 
Evidently  there  can  be  no  conceivable  limits  to  the  immensity  which 
such  electrical  discharges  may  acquire.  All  that  is  essential  to  an 
accumulation  of  electricity  analogous  to  that  which  may  be  secured 
by  means  of  a  coated  pane  or  ley  den  jar,  is,  that  there  shall  be  a 
suitable  electric  to  fill  the  office  performed  by  the  glass  in  those 
instrumentSi  and  two  conductors  competent  to  act  as  coatings. 

Experience  shows  that  the  denser  portion  of  the  atmosphere, 
which  lies  between  the  storm-clouds  and  the  earth,  is  competent  to 
act  as  an  electric ;  since  otherwise  there  would  be  no  thunder-gusts, 
nor  any  atmospheric  discharges  as  displayed  in  the  form  of  lightning. 
That  air,  rarefied  to  a  certain  degree,  becomes  capable  of  acting  as 
a  coating  does  in  the  instance  of  the  ley  den  jar,  is  proved  by  the  fact 
that  the  inner  surface  of  a  glass  globe,  within  which  the  air  is. rare- 
fied by  exhaustion,  may  be  charged  like  a  ley  den  jar,  if  to  the  outer 
Bur&ce  a  conducting  body  be  applied,  and  a  due  communication 
made  with  an  electrical  machine  in  operation. 

As  it  is  well  known  that  the  terrestrial  surface  is  a  conductor,  it 
follows  that  in  that  surface,  the  denser  air  in  proximity  therewith,  and 
the  rai'efied  conducting  air  above,  we  have  an  electric  between  two 
conductors  competent  to  act  as  coatings.  Thus  the  dense  air  acts  as 
a  glass  pane  between  two  coatings,  pr  as  the  glass  in  an  exhausted 
globe  acts  between  the  rarefied  air  within  and  the  hand  of  the  ope- 
rator without.  We  have,  therefore,  all  that  is  requisite  to  the  recep- 
tion of  an  electrical  charge. 

That  the  means  of  disturbing  of  the  electric  equilibrium  are 
abundantly  prolific,  the  terrific  dischargres  of  lightning  in  electrical 
storms  can  leave  no  doubt 

Using  the  language  of  the  Franklinian  theory,  I  urged  that,  in  the 
concentric  spaces  occupied  by  the  earth  and  that  occupied  by  the 
rare  conducting  medium  above  alluded  to,  there  must  be  two  oceans 
of  electricity,  which  could  not  fail  from  mechanical  or  chemical 
causes  to  be  in  different  states.  But  assuming  that  electricity  is  a 
result  of  the  polarization  of  the  ethereal  fluid,  to  the  undulation  of 
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which  light  is  ascribed,  we  are  led  to  substitute  for  oceans  of  a 
specific  fluid,  the  idea  of  a  boundless  ocean  of  ethereal  matter,  which 
by  peculiar  affections  may  become  competent  to  perform,  within  the 
concentric  spaces  alluded  to,  the  part  assigned  by  Franklin  to  one 
fluid,  by  Dufay  to  two  fluids. 

Consistently  it  may  be  inferred  that  an  atmospheric  change  may 
extend  all  around  the  globe,  so  as  to  make  one  great  battery  analo- 
gous to  that  aboTO  described  of  the  exhausted  glass  globe ;  the  ra- 
refaction being  in  one  case  internal,  in  the  other  external.  Agreeably 
to  these  considerations,  there  are  no  limits  to  the  possible  extent  of 
atmospheric  accumulations  of  electricity,  while  the  rapidity  with 
which  discharges  pervade  conductors  is  such  as  to  render  distance 
no  obstacle.  Agreeably  to  the  lowest  estimate  of  the  velocity  of  the 
elective  waves  as  produced  by  k  galvanic  apparatus  (of  a  very  low 
intensity  compared  with  frictional  accumulations),  in  two  seconds 
the  waves  would  encompass  the  earth;  but  according  to  Wheat- 
stone,  a  discharge  from  a  leyden  jar  would,  during  the  same  time, 
go  round  the  globe  ten  times. 

Against  the  idea  that  there  could  be  any  adequacy  in  the  apparatus 
of  nature,  such  as  to  make  bodies  dance  between  the  earth  and  sky, 
as  puppets  and  pith-balls  are  seen  to  dance  between  electrified  braas 
disks ;  it  was  some  time  since  objected,  by  a  distinguished  meteoro- 
logist, that  a  stratum  of  an  elastic  fluid,  like  air,  could  not  perform 
the  part  of  a  solid  metallic  disk. 

The  answer  to  this  is,  that  whatever  state  of  things  is  competent 
to  sustain  electrical  charges,  is  competent  to  produce  Any  of  the 
phenomena  of  Ji^charges.  Just  as  much  stability  is  requisite  to  enable 
the  diruptive  discharge  of  lightning  to  take  place,  as  to  enable  the 
convective  discharge  of  the  tornado  or  waterspout. 

The  descent  of  the  ball,  in  the  operation  of  Cuthbertson's  electro- 
meter,  before  emitting  a  spark,  shows  that  attraction  accompanies 
both  discharges ;  since  convection,  causing  the  partial  descent  of  the 
ball,  takes  place,  as  above  described,  before  a  spark  ensues. 

There  can  be  no  doubt,  that  so  far  as  electrical  repulsion  counter- 
acts gravitation  during  a  convective  discharge^  the  air  must  be  re- 
leased from  a  portion  of  the  compression  to  which  it  is  usually 
subjected.  There  must,  therefore,  be  a  sudden  dilatation  codperating 
with  the  other  causes  of  violence. 

From  all  that .  I  have  urged,  I  infer  that  there  is  no  necessity  for 
our  seeking  other  causes  for  electrical  storms,  dian  those  which  may 
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be  found  within  the  province  of  that  all-important  agent  in  the  phy- 
sical creation  which  we  call  electricity ;  and  .fiirther,  while  it  has 
been  shown,  I  trust,  that  in  atmospheric  accumuladons  there  is  an 
ample  source  of  stormy  reaction  in  its  most  violent  forms,  I  hope  to 
prove  that  the  cause  assigned  by  Mr.  Espy  is  incompetent  to  produce 
such  violent  reaction. 

It  is  well  known  that,  when  suddenly  rarefied,  air  is  refrigerated : 
hence,  when  a  receiver  is  first  subjected  to  exhaustion,  a  cloud 
appears  within  it,  arising  from  the  condensation  of  aqueous  vapor. 
Dallon  found  that  when.  the.  cur  thus  rarefied  was  devoid  of  aqueous 
vapor,  it  became  much  colder  than  when  this  vapor  was  present : 
this  he  ascribed  to  the  latent  heat  given  out  by  aqueous  vapor  on 
condensing.  Before  I  had  the  pleasure  of  knowing  Mr.  Espy,  I  con- 
trived an  apparatus  for  showing  the  cloud  and  color  produced  by 
rarefaction. 

This  apparatus,  as  well  as  that  employed  by  Dalton,  does  not  difier 
essentially  from  Espy's  nephiliscope,  which  is  the  name  given  by 
him  to  an  instrument  answering  the  same  purpose  as  that  employed 
by  Dalton.  Notoriously  the  density  of  the  air  diminishes  in  a  geo- 
metrical ratio,  as  the  place  of  examination  is  higher ;  so  that  at  the 
altitude  of  three  milesj  it  is  only  half  as  dense  as  upon  the  earth's 
surface. 

Davy,  in  his  Elements*  ascribed  the  formation  of  clouds  to  the 
refrigeration  arising  from  the  rarefaction  of  ascending  cojumns  of 
air ;  and  to  this  I  used  to  advert  in  my  lecture^  nearly  thirty  years 
ago,  using  the  nephiliscope,  which  I  had  contrived  as  above  men- 
tioned, to  illustrate  the  idea. 

Thus  it  became  evident,  from  the  experiments  and  suggestions  of 
Dalton  and  Davy,  that  when  the  different  portions  of  air  in  an  up- 
ward current  successively  reach  a  height  sufficient  to  rarefy  and  cool 
them  to  a  certain  extent,  the  aqueous  vapor  which  they  hold  must 
fi>rm  a  cloud,  and  at  the  same  time  render  them  lighter  and  warmer 
than  the  surrounding  air. 

It  was  first  assumed  by  Espy  that  the  rise  of  temperature  thus 
caused  would  create  a  buoyancy  like  that  of  a  balloon,  and  an  up- 
ward force,  and  so  great  an  acce]ei*ation  as  to  produce  the  pheno- 
menji  of  a  tornado  at  the  foot  of  the  column  affected.  In  fact,  the 
buoyancy  thus  arising  is,  by  this  ingenious  author,  considered  as 
universally  the  cause  of  storms. 

Admitting  his  estimate  of  the  buoyancy  consequent  to  the  co^- 
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densation  of  vapor  to  be  correct,  I  «yer  that  no  buoyancy  thiu 
created  in  the  upper  part  of  an  aerial  coluinn  would  cause  any  dis- 
turbance of  the  column  below  the  level  of  that  upper  part. 

Count  Rumford  first  showed  that  water  may  be  boiled  at  th«  top 
of  a  containing  vessel,  without  warming  or  disturbing  the  liquid 
lying  below  the  part  where  the  heat  may  be  applied.  This  fact  has 
been  demonstrated  by  me,  on  a  large  scale,  during  each  of  thirty 
courses  of  lectures.  In  Mr,  E8py*s  presence^  about  five  years  ago,  I 
demonstrated  that  this  law  is  equally  true  in  the  case  of  air. 

A  large  bell-glass  was  so  supported  in  an  inverted  position,  as  to 
allow  the  axis  of  a  spirit-lamp  fiame  to  be  concentric  with  the  bore 
of  the  neck.  In  the  next  place,  a  tuft  of  cotton,  nearly  equalling  in 
diameter  the  mouth  of  the  bell,  was  moistened  with  alcohol.  By 
means  of  tongs,  this  tuft,  being  held  just  above  the  mouth  of  the  bell, 
was  inflamed.  Of  course,  the  diiFereuce  of  temperature  thus  created 
was  incomparably  greater  than  any  which  could  be  producible  by 
the  latent  heat  yielded  by  condensing  vapor.  Moreover,  the  whole 
lifting  influence  was  concentrated  upon  the  comparatively  narrow 
area  of  the  bore  in  the  neck ;  yet  the  smallest  acceleration  could  not 
be  jperceived  to  take  place  :  the  flame  was  not  in  the  slightest  de- 
gree disturbed.  Subsequently,  at  the  meettng  of  the  Association  at 
Cambridge  in  1849«  an  apparatus  was  constructed,  by  which  the 
experiment  above  described  was  repeated  with  an  improved  ar- 
rangement 

Inside  of  the  inverted  bell,  so  as  to  cover  the  bore  of  the  neck 
immediately  over  which  it  rested,  a  disk  of  wire  gauze  was  placed, 
supporting  a  few  thin  fibres  of  cai^ded  cotton.  About  half  an  inch 
above  the  mouth  of  the  bell,  another  disk  or  tray  of  wire  gauze  was 
upheld  by  appropriate  means,  on  which  there  was  put  a  stratum  of 
carded  cotton  sufiiciently  copious.  These  preparations  being  com- 
pleted, the  cotton  above  the  bell  was  ignited.  Notwithstanding  the 
enormous  rise  of  temperature  thus  produced  in  the  upper  part  of  the 
column  of  air,  of  which  the  lower  portion  occupied  the  bell-glass,  so 
entirely  was  this  lower  portion  uninfluenced,  that  there  was  not  the 
least  perceptible  agitation  produced  among  the  most  delicate  fibres 
of  the  cotton. 

This  perfect  immobility  of  the  air  subjacent  to  a  column  of  that 
fluid,  to  which  a  great  ascensional  power  seems  to  be  imparted  by 
the  ignition  of  the  cotton  as  above  described,  will  not  excite  wonder, 
when  it  is  recollected  that  the  buoyancy  b  not  the  consequence  of 
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absolute  levity,  but  of  comparatively  lesser  weight.  The  ascent  of  a 
balloon  is  not  spontaneous ;  it  is  the  effect  of  coercion  :  it  is  forced 
to  ascend,  by  the  superior  gravity  and  consequent  pressure  of  the 
surrounding  air ;  but  while  this  displaces  the  balloon,  it  does  not  on 
that  account  relax  its  pressure  on  the  subjacent  portion  of  the  at- 
mosphere. 

It  is  admitted  that,  on  reaching  the  rarefied  region  where  the 
atmospheric  clouds  appear,  the  consequent  condensation  of  aqueous 
vapor  will  make  any  body  of  air  containing  it  warmfer  than  it  would 
otherwise  be ;  and  from  the  lowest  level  above  which  the  heat  is 
applied,  there  would  be  a  more  or  less  disturbance,  in  consequence 
of  the  greater  buoyancy  of  the  column  warmed  by  the  condensation 
of  vapor.  But  this  disturbance  would,  as  I  conceive,  be  much  less 
abrupt  and  forcible  than  the  Espian  hypothesis  of  storms  requires. 

Even  after  the  condensation  of  aqueous  vapor  is  effected,  the  water 
which  formed  it  will  remain  within  the  column,  and  still  add  to  its 
weight,  so  that  the  total  weight  will  not  be  diminished.  Moreover, 
by  swelling  upwards*,  as  it  naturally  will  do,  towards  the  region 
where  there  is  least  resistance,  it  will  become  as  much  taller  as  rarer, 
and  thus  compensate  by  its  greater  height  for  the  loss  of  specific 
gravity.  In  a  non-elastic  fluid,  any  superiority  of  elevation,  in  any 
portion  expanded  more  than  the  rest,  would  be  rapidly  compensated 
by  the  overflow  of  the  excess ;  but  in  an  elastic  fluid,  where  the 
summit  must  be  so  rare  as  to  have  scarcely  any  perceptible  weight, 
no  such  active  overflow  can  take  place  as  would  be  requisite  to 
produce  any  violent  exchange  of  position  between  the  column  thus 
affected  and  the  surrounding  portion  of  atmosphere. 

If,  as  represented  by  Espy,  all  that  is  requisite  to  produce  a  tor- 
nado, is  an  upward  current  of  air«  preeminently  warm  and  moist, 
and  penetrating  into  the  region  of  the  clouds,  the  conditions  are 
abundantly  realized  in  the  vicinity  of  the  equator.  The  trade  winds 
have  long  been  ascribed  to  the  ascent  of  air  from  the  regions  on  each 
side  of  the  equatorial  line,  in  consequence  of  the  rarefaction  arising 
from,  a  comparatively  superior  temperature.  To  supply  the  vertical 
current  thus  created,  the  air  is  conceived  to  flow  towards  the  equator 
from  regions  more  remote,  and  less  heated  by  the  sun  ;  the  currents 
thus  caused  being  rendered  more  westerly  in  their  directions  re- 
latively to  the  earth's  surface,  by  the  diurnal  motion  of  that  surface, 
which  is  necessarily  accelerated  with  the  increase  of  its  distance 
from  the  terrestrial  axis  as  the  equator  is  approached.  As,  in  con- 
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sequence  of  the  warmth  to  which  its  ascent  is  attributed,  and  an 
ample  contact  with  the  surface,  the  Upward  current  must  be  replete 
with  aqueous  vapor,  all  the  requisites  which  the  Espian  theory 
requires  for  the  production  of  a  perpetual  gigantic  tornado  are 
present;  and  yet  none  is  produced. 

With  the  hypothesis  which  ascribes  tornadoes  to  an  electrical 
discharge,  it  is  quite  consistent  that  there  should  be  no  thunder- 
storms within  the  region  of  the  vertical  current,  or  the  trade  winds 
produced  thereby  ;  since  there  is  a  perpetual  discharge  by  convec- 
tion, preventing  of  course  auy  electrical  accumulations. 


35.   On  the  Clouds  and  thc  Equatorial  Cloud  Rings  of  the 

•  * 

Earth.     By  Lieut.  M.  F.  Maury,  Superintendent  of  the  Na- 
tional Observatory. 

^HE  sailor  at  sea  observes  phenomena,  and  witnesses  operations  in 
the  terrestrial  economy  which  tell  him,  that  in  the  beautiful  and  ex- 
quisite adjustments  of  the  grand  machinery  of  the  atmosphere,  the 
clouds  have  important  offices  to  perform  besides  those  of  dispensing 
showers,  of  producing  the  rains,  and  of  weg^ving  mantles  of  snow 
for  the  protection  of  our  fields  in  winter.  As  important  as  is  this 
office,*  the  philosophical  mai'iner  —  and  there  are  many  such  —  is 
reminded  that  the  clouds  have  other  commandments  to  fulfil,  which, 
though  less  obvious,  are  not  therefore  the  less  benign  or  the  less 
worthy  of  note.  He  beholds  them  at  work  in  moderating  the  extremes 
bf  heat  and  cold,  and  in  mitigating  climates.  At  one  time  they  spread 
themselves  out ;  they  cover  the  earth  as  with  a  mantle  ;  they  prevent 
radiation  fr4)m  its  crust,  and  keep  it  warm  :  at  another  time,  they 
interpose  between  it  and  the  sun,  and  screen  it  from  his  scorching 
rays,  to  protect  the  tender  plants  from  his  heat,  the  land  from  the 
drouth.  Having  performed  this  office  for  one  place,  they  are  evapo- 
rated and  given  up  to  the  sunbeam  and  the  wind  again,  to  be  borne 
oh  their  wings  away  to  other  places  which  stand  in  need'  of  like 
offices. 

Familiar  with  clouds  and  sunshine,  the  storm  and  the  calm,  and  all 
the  phenomena  which  the  lightning  and  the  blast  present,  the  right- 
minded  mariner,  as  he  contemplates  <*the  cloud  without  rain/'  ceases 


METEOROLOGT  AND  IffETEOBlTES.  161 

to  regard  it  as  an  empty  thing ;  he  perceives  that  it  performs  many 
important  offices ;  he  regards  it  as  a  great  moderator  of  heat  and 
cold,  and  considers  the  equatorial  cloud-iing  which  encircles  the 
earth  as  a  great  balance-wheel  in  the  atmospherical  machinery. 
Bound  in  his  ship  hence  to  the  southern  hemisphere,  he  enters  the 
region  of  the  northeast  trades,  and  finds  the  sky  sometimes  mottled 
with  clouds,  but  for  the  most  part  clear ;  continuing  his  course  to- 
wards the  line,  he  finds  his  thermometer  to  rise  higher  and  higher 
as  he  approaches  the  equator ;  until  entering  the  region  of  equatorial 
calms  and  rains,  he  feels  the  weather  to  become  singularly  murky, 
close  and  oppressive ;  he  discovers  here  that  the  elasticity  of  feeling 
which  he  breathed  from  the  trade  wind  air,  has  forsaken  him. 

Escaping  from  this  gloomy  region,  and  entering  the  souUieast 
trades,  his  spirits  revi^ie,  and  he  turns  to  his  Log-book  to  see  what 
changes  are  recorded  there.  He  is  surprised  to  find,  that  notwith- 
standing the  oppressive  weather  of  the  rainy  latitudes,  both  his 
thermometer  and  barometer  stood,  while  in  them,  lower  than  in  the 
clear  weather  on  either  side  of  them ;  that  just  before  entering,  and 
just  before  leaving  the  rainy  parallels,  the  mercury  of  the  thermo- 
meter and  barometer  invariably  stands  higher  than  it  does  when 
within  them,  even  though  they  include  the  equator.  He  has  passed 
a  ring  of  clouds  that  encircles  the  earth. 

Perceiving  this,  he  is  reminded  how  this  cloud-ring,  by  screening 
these  parallels  from  the  sun*s  rays,  not  only  promotes  the  precipita- 
tion which  takes  place  within  it  at  certain  periods,  but  how  also  the 
rains  are  made  to  change  the  places  upon  which  they  are  to  fall ; 
and  how,  by  travelling  with  the  calm  belt  of  the  equator  up  and  down 
the  earth,  this  cloud-ring  shifts  the  surface  from  which  the  heating 
rays  of  the  sun  ai^  excluded ;  and  how,  by  this  operation,  tone  is 
given  to  the  atmospherical  circulation  of  the  world. 

In  a  clear  day  at  the  equator,  this  cloud-ring  having  slipt  to  the 
north  or  south  with  the  calm  belt,  the  rays  of  the  sun  pour  down 
upon  the  crust  of  the  earth  and  raise  its  temperature  to  a  scorching 
heat.  The  atmosphere  dances  above  it,  and  the  air  is  seen  trembling 
in  ascending  and  descending  columns  with  busy  eagerness  to  con- 
duct the  heat  off,  and  deliver  it  to  the  regions  aloft,  where  it  is 
required  to  give  momentum  to  the  air  in  its  genera]  channels  of  cir- 
culation. The  dry  season  continues ;  the  sun  is  vertical ;  and  finally 
the  earth  becomes  parched  and  dry  :  the  heat  accumulates  faster 
than  the  air  can  carry  it  away ;  the  plants  begin  to  wither,  and  the 
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animals  to  perish.  Then  comes  the  mitigating  cloud-ring;  the  burning 
rays  of  the  sun  are  intercepted  by  it.  The  place  for  the  absorption 
and  reflection,  and  the  delivery  to  the  atmosphere  of  the  solar  heat 
is  changed ;  it  is  transferred  from  the  upper  surface  of  the  earth  to 
the  upper  surface  of  the  clouds. 

Radiation  from  the  land,  and  from  the  sea  below  the  cloud  belt,  is 
thus  interrupted,  and  the  excess  of  heat  in  the  earth  is  delivered  to 
the  air,  and  by  absorption  carried  up  to  the  clouds,  and  there  de- 
livered to  their  vapors  to  prevent  excess  of  precipitation. 

In  the  mean  time,  the  trade  winds  north  and  south  are  pouring 
into  this  cloud-covered  receiver,  as  the  calm  and  rain  belt  of  the 
equator  may  be  called,  fresh  supplies  in  the  shape  of  ceaseless 
volumes  of  heated  air  loaded  to  saturation  with  vapor,  which  has  to 
rise  above  and  get  clear  of  the  clouds  befbi^  it  can  commence  the 
process  of  cooling  by  radiation.  In  the  mean  time  also  the  vapors 
which  the  trade  winds  bring  from  the  north  and  the  south,  expand- 
ing and  growing  cooler  as  they  ascend,  are  being  condensed  on  the 
lower  side  of  the  cloud  stratum,  and  their  latent  heat  is  set  free,  to 
check  precipitation  and  prevent  a  flood. 

While  this  process  and  these  operations  are  going  on  on  the  nether 
side  of  the  clotid*ring,  one  not  less  important  is  going  on  on  the 
upper  side.  There,  from  sunrise  to  sunset  the  rays  of  the  sun  are 
pouring  down  vrithout  intermission.  Every  day,  and  all  day  long,  they 
operate  with  ceaseless  activity  upon  the  upper  surface  of  the  cloud 
stratum.  When  they  become  too  powerful,  and  convey  more  heat  to 
the  cloud  vapors  than  the  cloud  vapors  can  reflect  and  give  off  to 
the  air  above  them,  then,  with  a  beautiful  elasticity  of  character,  the 
clouds  absorb  the  surplus  heat.  They  melt  away,  become  invisible, 
and  retain,  in  a  latent  and  harmless  state,  until  it  is  wanted  at  some 
other  place  and  on  some  other  occasion,  the  heat  thus  imparted. 

We  thus  have  an  insight  into  the  operations  which  are  going  on  in 
the  equatorial  belt  of  precipitation,  and  this  insight  is  sufiicient  to 
enable  us  to  perceive  that  exquisite  indeed  are  the  arrangements 
which  nature  has  provided  for  supplying  this  calm  belt  with  beat, 
and  for  pushing  the  snow  line  there  high  up  above  the  clouds,  in 
order  that  the  atmosphere  may  have  room  to  expand,  to  rise  up, 
overflow,  and  course  back  into  the  channels  of  its  circulation.  As 
the  vapor  is  condensed  and  formed  into  drops  of  rain,  a  twofold  ob- 
ject is  accomplished  :  coming  from  the  cooler  regions  of  the  clouds, 
the  rain  drops  are  cooler  than  the  air  and  earth  below.  They  descend. 
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and  by  absorption  take  up  the  heat  whic}i  has  been  accumulating  in 
the  earth's  crust  during  the  dry  season,  and  which  cannot  now 
escape  by  radiation.  Thus  the  equatorial  cloud-ring  modifies  the 
climate  of  all  places  beneath  it ;  overshadowing  at  different  seasons 
all  parallels  from  5°  S.  to  15°  N. 

In  the  process  of  condensation,  these  rain  drops  on  the  other  hand 
have  set  free  a  vast  quantity  of  latent  heat,  which  has  been  gathered 
up  with  the  vapor  from  the  sea  by  the  trade  winds  and  brought 
hither.  The  caloric  thus  liberated  is  taken  by  the  air  and  carried  up 
aloft  still  further  to  keep,  at  the  proper  distance  from  the  earth,  the 
line  of  perpetual  congelation.  Were  it  possible  to  trace  a  thermal 
curve  in  the  upper  regions  of  the  air  to  represent  this  line,  we  should 
no  doubt  find  it  mounting  sometimes  at  the  equator,  sometimes  on 
this  side,  and  sometimes  on  that,  of  it,  but  so  as  always  to  overleap 
this  cloud-ring.  This  thermal  line  would  not  ascend  always  over  the 
same  parallels  :  it  would  ascend  over  those  between  which  this  ring 
happens  to  be ;  and  the  distance  of  this  ring  from  the  equator  is 
regulated  according  to  the  seasons. 

If  we  imagine  the  atmospherical  equator  to  be  always  where  the 
calm  belt  is  which  separates  the  northeast  from  the  southeast  trade 
winds,  then  the  loop  in  the  thermal  curve  which  should  represent 
the  line  of  perpetual  congelation  in  the  air  would  be  always  found 
to  stride  this  equator ;  and  it  may  be  supposed  that  a  thermometer 
kept  sliding  on  the  surface  of  the  earth  so  as  always  to  be  in  the 
middle  of  this  rain  belt,  would  show  very  nearly  the  same  tempera- 
ture all  the  year  round ;  and  so  too  would  a  barometer  the  same 
pressure. 

This  ring,  or  band,  or  belt  of  clouds,  is  stretched  around  our  planet 
to  regulate  the  quantity  of  precipitation  in  the  rain  belt  beneath 
them  ;  to  preserve  the  due  quantum  of  heat  on  the  face  of  the  earth ; 
to  adjust  the  winds ;  and  send  out  for  distribution  to  the  four  cor- 
ners, vapors  in  proper  quantities  to  make  up  to  each  river-basin, 
climate  and  season,  its  due  quota  of  sunshine,  cloud  and  moisture. 
Like  the  balance  wheel  of  a  well  constructed  chronometer,  this 
cloud-ring  affords  the  grand  atmpspherical  machine  the  most  ex- 
quisitely arranged  self-compensation.  If  the  sun  fail  in  his  supply  of 
heat  to  this  region,  more  of  its  vapors  are  condensed,  and  heat  is 
discharged  from  its  latent  storehouses  in  quantities  just  sufHcient  to 
keep  the  machine  in  the  most  perfect  compensation.  If,  on  the  other 
hand,  too  much  heat  be  found  to  accompany  the  rays  of  the  sun  as 
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they  impinge  upon  the  upper  circumference  of  this  belt,  then  again 
on  that  side  are  the  means  of  self-compensation  ready  at  hand  :  bo 
mnch  of  the  clond  surface  as  may  be  requisite  is  then  resolved  into 
invisible  vessels,  in  which  the  surplus  heat  from  the  sun  is  stored 
away  and  held  in  the  latent  state  until  it  is  called  for,  when  instant- 
ly these  vaporous  vessels  are  condensed,  this  heat  is  set  free,  and 
becomes  a  visible  and  active  agent  in  the  grand  design. 

Returning  and  taking  up  the  train  of  contemplation  as  to  the  office 
which  this  belt  of  clouds,  as  it  encircles  the  earth,  performs  in  the 
system  of  cosmical  arrangements,  we  may  see  that  the  cloud-ring 
and  calm  zone  which  it  overshadows  is  both  ventricle  and  auricle  in 
the  immense  atmospherical  heart,  where  the  heat  and  the  forces 
which  give  vitality  and  power  to  the  system  are  brought  into  play ; 
where  strength  is  gathered,  and  impulse  given  to  the  air  sufficient  to 
send  it  thence  through  its  long  and  tortuous  channels  of  circulation. 

That  the  thermometer  stands  lower  beneath  this  cloud  belt  than 
it  does  on  either  side  of  it,  has  not  been  shown,  or  if  shown,  it  has 
not  yet  been  made  to  appear  by  actual  observation,  so  far  as  my  re- 
searches are  concerned ;  for  the  observations  in  my  possession  have 
not  yet  been  discussed  concerning  the  temperature  of  the  air.  But 
that  the  temperature  of  the  air  at  the  surface  under  this  cloud  ring 
is  lower,  is  a  theoretical  deduction  as  susceptible  of  demonstration 
as  is  the  rotation  of  the  earth  on  its  axis.  It  is  a  well  known  fact ; 
indeed  nature  herself  has  hung  a  thermometer  under  this  cloud  belt 
that  is  more  perfect  than  any  that  man  can  construct,  and  its  indi- 
cations are  not  to  be  mistaken. 

Where  do  the  vapors  which  form  this  cloud-ring,  and  which  are 
here  condensed  and  poured  down  Into  the  sea  as  rain,  come  from  ¥ 
they  come  from  the  trade  wind  regions  ;  under  the  cloud-ring  they 
rise  up ;  as  they  rise  up  they  expand,  and  as  they  expand  they  grow 
cool ;  moreover,  it  requires  no  mercurial  instrument  of  human  de- 
vice to  satisfy  us  that  the  air  which  brings  the  vapor  to  these  clouds 
cannot  take  it  up  and  let  it  down  at  the  same  temperature.  Precipi- 
tation and  evaporation  are  the  converse  of  each  other,  and  the  same 
air  cannot  precipitate  and  evaporate,  take  up  and  let  down  water  at 
one  and  the  same  time.  As  the  temperature  of  the  air  is  raised,  its 
capacity  for  receiving  and  retaining  water  in  the  state  of  vapor  is 
increased ;  as  the  temperature  of  the  air  is  lessened,  its  capacity  for 
retaining  that  moisture  is  diminished.  These  are  physical  laws,  and 
therefore  when  we  see  water  dripping  down  from  the  atmosphere, 
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we  need  no  instrument  to  tell  us  that  the  elasticity  of  the  vapor  bo 
condensed  and  falling  in  drops  is  less  than  was  its  elasticity  when  it 
was  taken  up  from  the  surface  of  the  ocean  as  water,  and  went  up 
into  the  clouds  as  vapor. 

Hence  we  infer  that  when  the  vapors  of  sea  water  are  condensed, 
the  heat  which  was  necessary  to  sustain  them  in  the  vapor  state,  and 
which  was  borrowed  from  the  ocean,  is  parted  with ;  and  that  there* 
fore  they  were  subjected  in  the  act  of  condensation  to  a  lower  tem- 
perature than  they  were  in  the  act  of  evaporation.  This  is  what  is 
going  on  :  ceaseless  precipitation,  under  this  cloud-ring.  Evapora- 
tion under  it  is  supended  almost  entirely  the  year  round ;  it  is  formed 
by  the  meeting  of  the  northeast  and  southeast  trade  winds.  The 
vapor  and  the  air  which  they  bring  with  them  here  ascend,  as  they 
ascend  they  expand,  as  they  expand  their  temperature  falls.  Hence, 
first  a  cloud  and  then  precipitation.  We  know  that  the  trade  winds 
encircle  the  earth ;  that  they  blow  perpetually  and  meet  each  other 
near  the  equator ;  that  here  the  air  which  they  bring  ascends,  and 
forms  a  ring  of  clouds  :  by  the  rainy  seasons  of  the  torrid  zone,  we 
can  trace  this  cloud-ring  like  a  girdle  about  the  earth. 

In  view  of  these  facts  and  of  these  laws,  it  is  useless  to  consult 
the  thermometer,  merely  to  learn  yehether  the  atmosphere  under  this 
cloud-ring  be  warmer  or  cooler  than  that  on  either  side  of  it.  Our 
knowledge  of  the  laws  of  nature  tells  us  that  it  is  cooler. 

Were  the  clouds  which  overhang  this  belt  luminous,  and  could 
they  be  seen  by  an  observer  from  one  of  the  planets,  they  would  pre- 
sent to  him  an  appearance  not^nlike  the  rings  of  Saturn  do  to  ub. 
Such  an  observer  would  remark  that  this  cloud-ring  of  the  earth  has 
a  motion  contrary  to  that  on  its  axis  of  our  planet  itself ;  that 
while  the  earth  was  revolving  rapidly  from  west  to  east,  he  would 
observe  the  cloud-ring  to  go  slowly,  but  only  relatively,  from  east  to 
west.  As  the  winds  which  bnng  the  cloud  vapor  to  this  region  of 
calms  rise  up  with  it,  the  earth  is  slipping  from  under  it ;  and  thus 
the  cloud-ring,  though  really  moving  from  west  to  east  with  the 
earth,  goes  relatively  slower  than  the  earth,  and  would  therefore  ap- 
pear to  require  a  longer  time  to  complete  a  revolution. 

But  unlike  the  rings  of  Saturn  through  the  telescope,  the  outer 
surface  t)f  the  upper  side  to  us,  of  this  cloud-ring,  would  appear  ex- 
ceedingly jagged,  rough  and  uneven. 

The  rays  of  the  sun  playing  upon  this  peak,  and  then  upon  that^ 
of  the  upper  cloud  surface,  melt  away  one  set  of  elevations  and 
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create  another  set  of  depressions.  The  whole  stratum  is,  it  may  be 
imagined,  in  the  most  turgid  state ;  it  is  in  continued  throes  when 
viewed  from  above  :  the  heat  which  is  liberated  from  below  in  the 
process  of  condensation,  the  currents  of  warm  air  ascending  from 
the  earth,  and  of  cool  descending  from  the  sky,  all,  we  may  well 
conceive,  tend  to  keep  the  upper  cloud  surface  in  a  perpetual  state 
of  agitation,  upheaval  and  depression. 

Imagine  in  such  a  cloud  stratum  an  electrical  discharge  to  take 
place,  the  report  being  caught  up  by  the  cloud  ridges  above,  is  passed 
from  peak  to  peak,  and  repeated  from  vidley  to  valley,  until  the  last 
echo  dies  away  in  the  mutterings  of  the  distant  thunder.  How  often 
do  we  h^ar  the  voice  of  the  loud  thunder  rumbling  and  rolling  away 
above  the  cloud  surface,  like  the  echo  of  artillery  discharged  among 
the  hills. 

Hence  we  perceive  or  infer  that  the  clouds  intercept  the  progress 
of  sound  as  well  as  of  light  and  heat  through  the  atmosphere,  and 
that  the  contour  of  this  upper  surface  is  often  Hke  that  of  alpine 
regions. 

Again,  it  is  by  trains  of  reasoning  like  this,  that  we  are  continu- 
ally reminded  of  the  interest  which  attaches  to  the  observations 
which  the  mariner  is  called  on  to  make.  There  is  no  expression 
uttered  by  nature  which  is  unworthy  of  our  most  attentive  consider- 
ation ;  and  mariners,  by  registering  in  their  logs  the  kind  of  light- 
ning, whether  sheet,  forked  or  streaked ;  and  the  kind  of  thunder, 
whether  rolling,  muttering  or  sharp,  may  be  furnishing  facts  which 
will  throw  much  light  on  the  features  and  character  of  the  clouds 
in  different  latitudes  and  seasons. 

As  an  illustration  of  the  value  and  interest  attached  to  observa- 
tions upon  "little  things''  so  called,  I  extract  from  the  Abstract  Log 
of  a  very  close  observer  who  is' cooperating  with  me  in  the  collection 
of  materials  for  the  "wind  and  current  charts."  "In  all  my  observa- 
tions," writes  this  excellent  and  indefatigable  seaman,  in  his  Abstract 
Log  kept  for  me ;  "  in  all  ray  observations  on  the  tints  of  tropical 
flowers,  I  have  found  that  yellow  predominates." 

No  physical  fact  is  too  bald  for  observation ;  physical  facts  are 
the  language  of  nature,  and  every  expression  uttered  by  her  is 
worthy  of  our  most  attentive  consideration.  And  the  remark  by  this 
observant  sailor  about  the  predominance  of  yellow  in  tropical 
flowers,  would,  as  a  truism,  be  regarded  with  a  high  degree  of  in- 
terest both  by  the  botanist  and  the  chemist. 
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Navigators  are  now  learning  to  tell  by  the  barometer  when  they 
have  passed  from  under  this  cloud-ring.  By  a  log  received  the  day 
before  I  left  Washington,  I  was  struck  with  the  master's  remarks 
upon  the  subject.  Capt.  John  H.  Young,  of  the  ship  Venice  of  Phi- 
ladelphia, on  a  voyage  from  New- York  round  the  world  in  1850^1, 
observes  : 

**  I  here  predict,"  b&jb  this  clever  navigator,  just  before  reaching  the  equator 
in  the  Atlantic  ocean  on  his  outward  passage  —  "I  here  predict  the  barometer 
will  remain  below  80'°,  until  we  get  without  the  influence  of  the  rainj  latitudes." 

After  having  crossed  a  belt  of  5°  or  6*^  of  latitude  in  breadth, 
within  which  such  remarks  as  these  are  frequent :  *  Weather  warm 
and  sultry ;  *  *  heavy  rain ; '  •  very  murky  and  close  at  times ; ' 
*  quite  oppressive ; '    « rain,"  etc. 

On  the  7th  day,  however,  he  remarks  :  ''Assuming  the  settled 
weather  of  the  '  trades,'  only  requiring  a  rise  in  the  barometer  to 
assure  me  of  that  fact." 

The  day  afler,  I  find  in  his  column  of  remarks  :  "  Fine  weather ; 
every  appearance  of  trades  ;  barometer  up."  This  remark  is  made 
March  5th,  1850,  in  6°  south.  Had  he  passed  that  way  in  this  month 
of  August,  he  would  probably  have  made  it  in  6®  north ;  for  his 
barometer  then  would  have  been  'up,'  indicating  that  he  had  passed 
from  under  the  influences  of  the  cloud-ring. 

Thus  we  aiTive  at  a  new  application  of  the  barometer ;  for  by 
carefully  observing  it,  the  navigator  may  tell,  where  otl^er  means 
fail  him,  when  he  enters  and  when  he  leaves  the  trade-wind  region. 


36.  On  thk  Frogrebs  of  thb  -StRTBii  of  Mbtioroloqical  Ob- 
servations CONDUCTED  BY  THE  SMITHSONIAN  INSTITUTION,  AND 
THE  PROPRIETT  OF   ITS  IMMEDIATE   EXTENSION  THROUOHOUT   THE 

American  Continent.  By  Prof.  Arnold  Gutot,  of  Cambridge. 

Pbof.  Gittot  first  showed  the  importance  of  these  observations  to 
the  thorough  knowledge  of  meteorologry,  and  circulated  plates  and 
sheets  prepared  to  direct  observers  as  to  the  classification  of  the 
clouds,  and  giving  the  form  in  which  the  observations,  and  indicating 
the  times  and  manner  in  which  the  notations  ought  to  be  made.  He 
exhibited  also  the  instrumenls  prodded  by  the  Association,  such  as 
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pBychrometers,  thermometers,  etc  Printed  tables  were  also  ex- 
hibited, which  exemplified  how  the  Association  had  published  the 
various  mean  results  which  had  been  obtained  in  one  place.  For  in- 
stance, the  published  table  exhibited  that  at  North-Salem  in  West- 
chester county,  in  the  month  of  June,  each  day  there  was  taken 
three  times,  at  the  hours  of  6  a.  m.,  2  p.  m.  and  10  p.  m.,  obsenrations 
of  the  meteorologic  state  of  the  atmosphere,  as  follows  :  The  phase 
of  the  moon,  the  barometrical  indication,  the  height  of  the  thermo* 
meter;  direction  and  force  of  the  wind,  the  plants  in  flower,  the 
migratory  birds  first  seen,  the  state  of  the  psychrometer,  the  force 
of  vapor,  humidity,  the  state  of  the  rain-gage,  the  state  of  cloudiness, 
with  notes  of  the  various  kinds  of  clouds  visible. 

Prof.  GuYOT  stated  that  there  were  but  fifty  places  of  obsei^vation 
as  yet  established,  and  he  exhibited  how  very  small  a  portion  of  this 
continent  had  as  yet  been  covered  by  those  fitly  stations.  He  pointed 
to  the  vast  table  land  which  reached  from  the  Mississippi  to  the 
Rocky  Mountains.  This  vast  table  land,  he  believed,  exerted  more 
influence  on  the  meteorologv  of  the  continent  than  even  the  Rocky 
Mountains.  He  then  pointed,  by  colored  sections,  to  the  various 
positions  at  which  observations  ought  to  be  taken  :  these  various 
lines  extended  from  the  mouth  of  the  Columbia  to  the  St.  Lawrence, 
from  San  Francisco  to  Washington,  from  the  Gulf  of  California  to 
the  Rio  del  Norte,  from  the' Pacific  across  the  plateau  of  Mexico  to 
the  West  India  Islands,  across  the  isthmus  of  Tehuantepec,  at  Ni- 
caragua lake,  at  the  plateau  of  Costarica,  and  at  the  strait  of  Panama 
to  Chagres. 


37.  On  the  Meteorological  Observations  of  New- York  from 
1825  TO  1850.  By  Franklin  B.  Hough,  A.  M.,  M.  D.,  of  So- 
menriile,  N.  Y. 

It  is  well  known  that  in  1825  the  Regents  of  the  University  of 
New- York,  following  the  example  of  the  Federal  GoTemment  in  its 
instructions  to  the  commandants  of  its  Tarious  military  posts,  issued 
orders  to  the  several  academies  subject  to  their  visitation,  requiring 
them  to  cause  meteorological  observations  to  be  made  after  a  spe- 
cified form,  and  with  instruments  furnished  them  for  the  purpose. 
These  obseryations,  which  at  tLat  time  were  supposed  to  fulfil  all 
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the  requirements  of  science,  embraced  three  daily  records  of  the 
thermometer,  with  the  direction  of  the  wind,  and  appearance  of  the 
sky  as  clear  or  cloudy,  in  the  forenoon  and  afternoon ;  a  record  of 
the  rain-gage ;  and  such  observations  on  storms,  meteors,  auroras, 
and  the  progress  of  vegetation,  as  might  be  deemed  worthy  of  note. 

This  system  of  observations  was  maintained  with  more  or  less 
fidelity  and  regularity,  during  twenty-four  years,  by  sixty-two  literary 
institutions  of  New- York,  the  aggregate  period  of  which  amounts  to 
eight  hundred  and  thirty-four  years  and  eight  months  ;  and  the  re- 
sults, published  annually  in  the  reports  of  the  Regents,  have  been 
acknowledged  both  in  this  country  and  Europe  as  valuable  contribu- 
tions to  the  science  of  meteorology. 

The  progress  of  this  science  having  required  additional  and  more 
accurate  observations  with  improved  instruments,  the  system  of  1825 
was  discontinued  ft  the  close  of  1S49,  to  give  place  for  the  present 
very  thorough  and  efficient  course  of  observations. 

Although  these  records  are  without  value  in  determining  the 
extent  and  progress  of  storms,  and  the  various  atmospheric  vicissi- 
tudes which  are  indicated  by  the  delicate  instruments  now  in  use ; 
yet  they  are  invaluable  in  establishing  the  laws  of  climate,  the  mean 
temperature,  depth  of  rain,  and  general  character  of  the  weather  of 
the  several  years  and  at  the  different  stations. 

Impressed  with  the  great  value  and  importance  to  science  of  these 
records,  and  aware  of  the  difficulty  that  must  attend  reference  to 
them,  scattered  as  they  are  through  our  legislative  documents  for  a 
quarter  of  a  century,  the  writer,  several  montlis  since,  undertook 
the  labor  of  reducing  the  entire  series,  with  the  view  of  obtaining 
therefrom  every  fact  that  might  possess  any  value,  or  elucidate  any 
subject  in  relation  to  the  meteorology  of  the  State. 

It  is  intended  to  offer  the  results  of  these,  when  completed,  to  the 
legislature  of  New- York,  for  publication ;  and  with  the  hope  of 
insuring  a  favorable  reception  with  that  body,  the  Association  is 
respectfully  solicited  to  refer  this  subject  to  the  meteorological  com- 
mittee, to  examine  the  labor  already  performed,  and  the  details  of 
the  plan  intended  to  be  followed ;  with  the  view  of  enabling  them 
to  express  an  opinion  of  its  merits,  and  of  recommending  it,  if  found 
worthy,  to  the  favorable  notice  of  the  New- York  legislature. 
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38.  On  the  Maxima  and  Minima  op  Tbmpekaturb  at  Hahtfokd, 
Conn.    By  Prof.  J.  Brocklebby,  of  Trinity  College,  Hartford. 

In  the  spring  of  the  year  1847,  among  other  meteorological  obserra- 
tions,  I  commenced  recording  the  daily  maxima  and  minima  of 
temperature,  in  order  to  ascertain  several  particulars  in  respect  to 
the  thermal  fluctuations  of  the  atmosphere  in  the  locality  where  I 
resided.  The  instrument  employed  for  observing  the  range  of  tem- 
perature was  a  Six's  thermometer  of  nice  construction,  made  by 
Cary,  of  London.  It  was  enclosed  in  a  box,  perforated  with  holes  in 
such  a  manner  as  to  admit  of  a  free  circulation  of  air  around  the 
instrument  when  the  door  of  the  box  was  closed. 

The  box  was  placed  on  the  north  side  of  a  building,  six  feet  above 
the  ground,  and  so  attached  to  the  edifice  that«an  open  space  was 
]eft  for  the  passage  of  air  between  the  back  of  the  box  and  the 
building.  Thus  situated  and  enclosed,  the  instrument  was  shielded 
from  the  direct  rays  of  the  sun,  as  well  as  from  the  heat  radiating 
from  contiguous  objects ;  and  correct  indications  of  temperature 
were  secured,  so  far  as  they  were  dependent  upon,  avoiding  thoae 
causes  of  error  that  are  connected  with  location. 

For  the  space  of  twenty-one  months,  the  daily  maxima  and  minima 
were  recorded,  with  the  loss  from  unavoidable  circumstances  of  only 
a  very  few  observations  during  this  period.  The  series  of  observa- 
tions would  have  been  continued,  had  not  a  sudden  disarrangement 
of  the  mercurial  column  of  the  thermometer  occurred  at  the  end  of 
this  time,  which  rendered  the  instrument  useless. 

From  the  data  thus  obtained,  I  have  constructed  the  accompanying 
map*,  which  exhibits  at  a  glance  the  maxima  and  minima  of  tempera- 
ture throughout  the  period  referred  to.  In  the  system  of  ruled  lines, 
the  ordinates  represent  degrees  and  fractions  of  a  degree  of  tempera- 
ture, and  the  abscissas  (running  the  whole  length  of  the  map)  the  divi- 
sions of  time;  either  one  of  the  horizontal  sides  of  each  of  tlie  smallest 
squares  indicating  a  day,  and  the  adjacent  side  a  degree.  The  course 
of  the  maxima  fbllows  the  lower  margin  of  the  red  line,  while  that 
of  the  minima  is  traced  by  the  upper  boundary  of  the  blue  band. 
The  distance  between  the  red  and  blue  bands  in  degrees,  at  any 
particular  day,  gives  the  range  of  temperature  for  that  day  as  in- 
dicated by  the  maximum  and  minimum. 

•  The  map  haa  been  omitted  on  aocount  of  ita  liie. 
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The  sum  of  the  daily  ranges  for  the  period  of  obseiration,  ex- 
tending  through  six  hundred  and  forty-three  days,  is  nine  thousand 
four  hundred  and  forty-eight  and  forty-two  hundredths  degrees 
(9448»42°),  and  the  average  diurnal  fluctuation  is  14,694°. 

The  daily  average  variation  for  one  year,  begiuning  on  the  first 
of  January  1848,  and  closing  the  first  of  January  1849,  was  found 
to  be  14,668° ;  differing  but  (0,026°)  twenty-six  thousandths  of  a 
degree  from  the  daily  average  fluctuation  of  the  entire  period. 

The  sum  of  the  thermal  oscillations  fur  each  month,  the  number 
of  the  days  of  Qbservation,  and  the  mean  daily  variation  for  each 
month  in  the  year,  are  given  in  the  table  below. 


Months. 


January. . 
February, 
March  . . 
April . . . 
May..., 
June. ... 


1847. 


July 

August. . . . 
September. 
October  . . 
November. 
December  . 


269,82° 

596,19 

4ai,98 

508,18 

432,96 

858,19 

534,90 

871,80 

305,85 


1848. 


1849. 


892,16° 

879,18 

445,80 

606,75 

446,50 

476,85 

390,60 

489,82 

485,97 

462,87 

388,13 

345,84 


828,74^ 


o 
P 


.1 


65 
29 
30 
42 
62 
60 
62 
62 
60 
62 
57 
62 


Sum. 


720,89° 
379,13 
445,80 
876,57 
1042,69 
908,33 
898,78 
922,78 
844,16 
997,77 
759,93 
651,69 


Mean 

daily 

TUiaUon. 


13,107° 

13,07 

14,86 

20,87 

16,82 

15,139 

14,497 

14,883 

14,07 

16,098 

13,33 

10,51 


From  this  table,  it  appears  that  the  several  months  rank  as  follows 
in  respect  to  their  variability  of  temperature  : 


1.  April. 

2.  May. 

8.  October. 
4  June. 
0.  July. 

6.  August 

7.  March. 

8.  September. 

9.  November. 

10.  January. 

11.  February. 

12.  December. 


The  first  seven  months  of  this  list 
possess  an  average  daily  range  abovn 
that  of  the  entire  year,  and  the  remain- 
der are  more  or  less  below. 


The  mean  thermal  oscillation  for 
April  exceeds  by  more  than  six  degrees 
that  of  the  year,  -while  December  ranges 
a  little  over  four  degrees  below. 


11.  reuruiu-jr.  i  »  uiiuv  vvvr  iour  uc^ees  ueiow. 

12.  December.  | 
By  dividing  the  year  into  the  four  astronomical  portions  marked 
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by  the  solstices  and  equinoxes,  and  finding  the  mean  of  the  oscilla- 
tions of  temperature  belonging  to  each  division,  we  obtain  the  fol- 
lowing results  for  the  year  beginning  the  22d  of  December  I847» 
and  ending  the  22d  of  December  1848  : 

From  the  winter  eolstice  to  the  yemal  equinox,  the  mean  is  12,828^ ; 

From  the  yemal  equinox  to  the  eummer  Boletice,        ....  18^91 ; 

From  the  eummer  soletice  to  the  autumnal  equinox,  ....  14^66 ; 

From  the  autunmal  equinox  to  the  winter  solstice,     ....  18,237. 

Throughout  the  range  of  the  year,  the  average  fluctuation  of  tem- 
perature is  therefore  greatest  in  the  spring,  leaH  in  the  winter,  and 
more  in  the  summer  than  in  the  fall. 

The  most  extensive  diurnal  variation  within  the  period  of  time 
under  review  is  thirty-seven  degrees  and  a  half,  and  occurred  on  the 
24th  of  December  1848.  On  the  9th  and  10th  of  April  of  the  same 
year,  the  oscillations  of  temperature  were  respectively  thirty-five 
degrees  and  thirty-three  and  a  third  degrees ;  and  in  three  other 
instances  only  the  range  of  the  daily  temperature  exceeded  thirty 
degrees.  The  lowest  daily  variation  took  place  on  the  25th  of  Sep- 
tember 1848,  when  the  difference  between  the  maximum  and  mini- 
mum amounted  only  to  one  twentieth  part  of  a  degree*. 

Although  the  preceding  results  show  that  the  locality  where  the 
observations  were  taken  partakes  largely  of  the  proverbial  fickleness 
of  the  climate  of  New-England,  nevertheless  the  sum  of  9448,42^ 
does  not  indicate,  as  will  readily  be  seen,  all  the  thermal  fluctuations 
embraced  within  the  period  of  time  whence  we  derive  this  sum  : 
neither  does  14,668^  express  the  full  annual  mean  of  the  variations. 
In  order  to  obtain  these  elements  with  perfect  exactness,  we  should 
not  confine  our  observations  to  the  dally  maximum  and  minimum  ; 
but  all  the  oscillations  that  occur  during  any  period  of  time  should 
either  be  marked  and  recorded  by  an  unbroken  series  of  observers, 
or  by  a  self-registering  instrument,  and  the  true  sum  and  mean  of 
the  thermal  variations  can  then  be  readily  obtained.  Just  as  in  order 
to  ascertain  the  contour  of  a  rolling  and  rising  tract  of  country  be- 
tween two  assumed  stations,  we  should  measure  the  extent  of  the 
successive  elevations  and  depressions,  and  not  content  ourselves  with 


*  The  highest  temperature  during  the  period  of  observation  occurred  on  the 
17th  of  June  1848,  when  the  thermometer  stood  at  90,70^ ;  and  the  lowest  took 
plaoe  on  the  12th  of  January  1849,  the  column  standing  at  6,87^  below  aero. 
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simply  determiDing  the  difference  in  the  height  of  the  two  stations. 
For  this  reason,  the  preceding  results  are  to  be  regarded  as  the 
lowest  numerical  expressions  for  the  elements  they  respectively 
represent. 

I  cannot,  in  this  connection,  refrain  from  remarking  that  the 
subject  of  the  range  of  variation  in  atmospheric  temperature  seems 
as  yet  not  to  have  received  that  attention  which  it  deserves.  I  might 
speak  of  its  importance  in  several  respects,  but  will  allude  only  to 
one  particular. 

Within  a  few  years,  the  medical  faculty  have  been  led  to  investi- 
gate the  connection  between  human  life  and  health,  and  certain  condi- 
tions of  the  atmosphere ;  and  Prof.  Caspar  of  Berlin  has  shown,  from 
a  most  extensive  research  involving  immense  labor,  that  the  life  and 
health  of  man  is  intimately  affected  by  the  temperature^  elasticity, 
and  hygrometric  Hate  of  the  atmosphere.  He  finds  that  there  is  no 
condition  of  the  atmosphere  which  influences  health  so  much  as 
temperature ;  and  that  extremes  of  temperature,  whether  high  or 
law,  are  eminently  destructive  of  life.  Are  we  then  to  infer  that  every 
thermal  fluctuation  above  or  below  the  mean  weakens  the  silver  cord 
of  life ;  or  that  these  changes  of  temperature  strengthen  and  in- 
vigorate the  frame  when  of  moderate  extent,  but  become  injurious 
only  in  their  excess?  If  the  latter  view  is  correct,  what  is  the  limit? 
At  what  point  do  these  oscillations  cease  to  be  beneficial  and  become 
injurious ;  and  does  this  point  (if  it  exists)  vary  with  respect  to  age, 
sex,  and  condition  ?  To  answer  these  and  other  kindred  questions 
equally  interesting  and  important,  opens  a  vast  field  of  labor,  which 
I  trust  will  not  be  neglected. 


39.  On  the  Quantity  of  Rain  at  different  Heiohts,  From 
Observations  made  at  the  Institution  for  the  Deaf  and 
Dumb,  New- York  City.    By  Prof.  O.  W.  Morris. 

4 

A  FEW  years  since,  some  notes  on  the  quantity  of  rain  that  fell  during 
a  period  of  sixteen  months,  were  published,  with  a  hope  that  other 
observers  in  this  country  would  make  observations  to  illustrate  the 
same  subject,  and  aid  in  arriving  at  some  satisfactory  conclusion  on 
it.  I  have  waited  in  vain  for  something  of  the  kind  from  my  feUow- 
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laborers  in  meteorology,  and  now  give  the  results  of  further  ob- 
servations, without,  however,  offering  any  conclusions ;  leaving  it 
for  some  more  favorable  time  and  more  competent  person,  when  an 
extended  series,  embracing  a  great  variety  of  climate  and  attendant 
circumstances,  may  afford  better  data  than  are  within  reach  at  the 
present  time. 

The  time  embraced  in  the  present  series  is  from  January  1, 1846, 
to  December  31,  1850,  a  period  of  five  years.  There  are,  however, 
a  few  deficiencies  for  the  months  of  July  and  August  in  the  years 
1847  and  1848,  that  render  the  true  average  of  these  months  im- 
perfect. 

The  results  are  arranged  as  follows  : 

L  The  quantity,  difference  and  average  for  each  month,  and  per  year. 

IL  do  do  do       for  each  season. 

ILL  do  do  do       for  the  six  warmest  and  the  six  coldest 

months. 

rV.  do  do  do       for  the  warmest  A  the  coldest  month. 

V.  The  greatest  and  the  least  quantities  in  one  month. 

VL  The  greatest  and  the  least  differences  in  one  month. 

YIL  The  particular  year  and  month  In  which  the  greatest  quantity  fell  in  the 
five  years. 

VnL  The  year  and  month  in  which  the  least  quantity  felL 


I.  MONTB. 

Upper  Oage. 

Lower  Oage. 

Difference. 

Average. 

January  

February 

March 

14,146 
21,860 
18,146 
6,000 
21,662 
18,006 
16,190 
10,720 
16,840 
16,886 
18,122 
17,220 

17,781 
24,460 
22,686 
8,026 
*  26,029 
28,886 
19,240 
12,770 
18,980 
19,440 
20,846 
22,460 

8,686 
2,110 
4,490 
2,026 
4,467 
6,880 
4,060 
2,060 
8,090 
8,606 
7,288 
6,240 

,717 

,622 

,898 

,406 

,898 

1,160 

,810 

,410 

,618 

,721 

1,466 

1,048 

April 

May   

June 

July   

J 

Aucrust 

September 

October  

November 

December 

Total 

Average  per  year, 
do          month, 

n.  Sprins 

187,184 
87,426+ 
8,118+ 

46,707 
43,916 
88,287 
62,716 

87,817 
98,267 

284,900 

46,980 

8,916 

66,689 
66,846 
61,110 
68,661 

108,829 
118,466 

47,776 
9,663+ 
,796+ 

10,982 
11,980 
12,878 
10,936 

21,612 
26,209 

9,668 
,808 

8,666 
8,976 
4,291 
8,646 

8,686 
4,201 

Summer. , 

Autumn 

Winter 

ITT.  Six  warmest 

Six  coldest 
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IV.  Wannest  month. . 
Coldest  month  . . . 


Difference 


y.  Greatest  quantity. 
Least  quantity   . . 


Difference 


Upper  Oage. 


16,190 
14,146 


18,006 
6,000 


Lower  Oage. 


19,240 
17,781 


23,886 

8,026 


Difliarence. 


4,060  in  July. 
8,686  in  January. 


,464 

6,880  in  June. 
2,026  in  April. 


8,806 


VL  Greatest  difference,  7,228  in  November. 
Least         do  2,026  in  April. 


Difference. ...  6,198. 

YIL  Greatest  quantity  in  one  month,  9,760  in  May  1846. 

Greatest  difference         do  2,026  in  November  1846. 


YlU.  Least  Quantity  in  one  month,  0,660  in  January  1849. 
Least  aifference         do  0,040  in  October  1860. 


The  gages  are  the  conical  gages  formerly  used  by  the  academies 
ia  this  State.  The  lower  one  is  five  feet  above  the  surface  of  the 
ground ;  the  upper,  seventy-one  feet  above,  on  the  roof  of  the  in- 
stitution. 


40.    On  Ocean  Temperatureh.    By  Lieut.  M.  F.  Maury,  Super- 

intendent  U.  S.  National  Obsei*vatory. 

[  Not  received.] 


41.  A  Comparison  of  the  Apparent  Diurnal  Laws  of  the 
Irregular  Fluctuations  of  the  Magnetical  Elements,  at 
the  Stations  of  Observation  in  North  America.  By  Capt. 
J.  H.  Lefrot,  Royal  Artillery,  F.  R.  S. ,  Director  of  H.  M. 
Magnetical  Observatory  at  Toronto,  Canada. 

One  of  the  principal  objects  proposed  by  Baron  Alex.  Humboldt,  in 
the  great  scheme  of  concerted  magnetical  observation  originated  by 
him  in  1828,  was  to  examine  those  **  eccentricities  of  the  needle,  of 
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"  which  a  certain  periodicity  had  been  affirmed  by  M.  Kupffer,  and 
*'  which  appeared  to  Baron  Humboldt  to  be  the  effect  of  a  reaction 
"  from  the  interior  towards  the  surface  of  the  globe  ;  as  he  ventured 
"  to  say,  of  magnetic  stormst  indicating  a  rapid  change  of  tension*." 
He  referred  particularly  to  oscillations  which  were  frequently  re- 
peated at  the  same  hours  before  sunrise.  In  the  great  extension  of 
that  scheme  of  observation  which  resulted  from  his  memorable  letter 
to  H.  R.  H.  the  Duke  of  Sussex  in  1836,  although  the  recent  dis- 
coveries connected  with  the  irregular  variations  of  the  magnetic 
declination  are  referred  tot  as  giving  to  that  class  of  changes  a 
prominent  interest,  their  periodicity  does  not  appear  to  have  been 
particularly  kept  in  view  :  on  the  contrary,  they  are  classed  as  *'  the 
"  irregular  variations,  or  those  which  apparently  obseiTe  no  law." 
The  distinguished  Superintendent  of  the  British  Colonial  Observa- 
tories, however,  at  once  recognized  the  importance  of  making  a 
distinction  between  the  effects  of  the  two  distinct  and  probably  very 
different  influences  which,  under  the  denominations  of  regular  and 
irregular,  are  combined  in  the  diurnal  and  annual  changes  actually 
presented  by  observation.  In  Col.  Sabine's  first  official  publication, 
the  "Observations  on  days  of  unusual  disturbance"  (part  1,  1843), 
he  examined  the  observations  of  the  year  1841  at  Toronto  and 
Hobarton,  by  a  method  of  his  own,  for  the  purpose  of  assigning 
precisely  the  relative  degree  to  which  the  elements  of  declination 
and  horizontal  force  are  subject  to  disturbance  at  each  hour  of  the 
twenty-four.  As  regards  the  latter,  the  observations  of  that  particular 
year  furnished  no  very  definite  result.  As  regards  the  declination, 
however,  the  observations  at  Toronto  and  Hobarton  agreed  in 
showing  that  its  mean  irregular  fluctuation  is  considerably  greater 
during  the  night  than  during  the  day,  and  has  a  well  marked  epoch 
of  maximum  value,  which  was  found  to  be  from  8^  to  10^  p.  m.  at 
Toronto,  and  from  9^  to  13^  p.  M.  at  Hobarton  (the  even  Grdttingen 
hours  being  taken  at  both  stations,  the  intervals  correspond  to  dif- 
ferent periods  of  mean  time).  The  former  of  these  is  the  period  for 
which  M.  Kreil  had  also  found  the  greatest  liability  to  disturbance 
at  Milan  and  Prague  (1838  -  40)|;  and  both  Dr.  Lloyd  and  Mr. 


*  Proceedings  of  the  Royal  Society,  Vol  iii,  p.  418. 

f  Report  of  the  Joint  Committee  of  Physics  and  Meteorology,  made  to  tibe 
Council  of  the  Royal  Society,  1889. 
t^Lettera  to  M.  Kupffer  and  CoL  Sabine.    VhtL  Mag.  184Q,  pp.  241  -  418. 
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Broan  have  arrived  at  very  Bimilar  resultB»  from  their  dMcussion  ei 
the  observations  at  Dublin  and  Makerstown  respectively.  We  are 
tho^fore  warranted  in  assuming  as  the  result  of  all  the  observations 
discussed  heretofore»  in  reference  to  this  class  of  influences,  first,  that 
the  declination  has  only  one  principal  epoch  or  maximum  of  mean 
disturbance ;  secondly,  that  this  occurs  everywhere  at  about  10  p.m. 
of  local  mean  time.  The  object  of  this  paper  is  to  point  out  that  the 
diurnal  law  thus  stated  undergoes  a  remarkable  modification  on  this 
continent,  in  more  northern  latitudes;  and  that  in  any  physical 
explanation  of  the  phenomenon,  it  will  be  necessary  to  account  for 
two  instead  of  only  one  diurnal  period  of  maximum  mean  disturb- 
ance. 

Various  methods  have  been  practised  of  eliminating  from  the  first 
results  of  observation,  that  part  of  the  changes  which  is  to  be  re- 
garded as  a  function  of  the  solar  time,  and  classed  as  regular  ;  as  well 
as  of  determining  the  mean  value  of  the  remaining  or  irregular  effects. 
In  the  investigation  of  Col.  Sabine  above  referred  to,  the  differences 
were  first  taken  between  the  arithmetical  mean  of  all  the  observations 
under  each  hour,  and  each  of  those  observations  individually ;  the 
difference  between  the  value  of  the  remainders  for  two  successive 
observation  hours,  was  regarded  as  the  irregular  Jluctuation  between 
those  hours ;  and  the  square  root  of  the  mean  of  the  squares  of  these 
second  differences,  for  each  interval,  is  what  is  called  the  mean  ir- 
regular jluctuation  for  that  interval.  The  present  results  have  been 
obtained  by  the  less  laborious  method  adopted  by  Dr.  Lloyd,  which 
consists  in  squaring  the  first  differences  (•^:^)»  &ud  regarding  the 

square  root  of  the  mean  of  these  squares  ( ^^/^i r  j  as  the  mean 

disturbance  of  the  elements  for  the  hour,  in  analogy  with  what  are 
called  mean  errors  of  observation. 

The  following  table  contains  the  value  of  the  mean  disturbance 
of  the  declination  for  each  hour  of  the  day  and  night,  at  Toronto, 
Sitka,  and  Fort  Chipewyan  on  Lake  Athabasca,  in  Lat.  58^  43', 
Long,  from  Greenwich  7^  25,2"*  W.  The  period  of  observation 
compared  is  the  winter  of  1843  -  4,  from  October  to  February  in- 
clusive; and  as  the  observations  were  made  at  the  hours  of  Gottingen 
mean  time  at  all  the  stations,  they  were  practically  simultaneous. 
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TABLE  L 
Mem  distariMnee  of  the  deeHiuttioii,  October  —  Febmaxy. 


Local 

Tfli*mliN 

BItka. 

Lake 

Local 

Tffmf4fh 

Mfta. 

Lake 

meantime. 

Athabawia. 

meantime. 

^thmh^^t^ 

Aiidnight 

l',72 

4',  36 

8',5 

Noon 

l',61 

2',67 

4'.6 

18 

1,33 

4,18 

»,9 

1 

1,54 

2,56 

4,8 

14 

1,60 

8,62 

8,6 

2 

1,84 

2,20 

4,7 

15 

1,59 

2,97 

1A 

3 

1,71 

2,14 

4.7 

16 

1,52 

2,92 

11,0 

4 

1,81 

1,95 

4,4 

17 

1,67 

2,84 

16,2» 

5 

1,86 

1,81 

8.'/ 

18 

1,75 

2,75 

10,6 

6 

1,02 

1,90 

4,8 

19 

1,29 

2,82 

8,5 

7 

0,84 

3,09 

3,8 

20 

1,82 

2,88 

6,5 

8 

1,^53 

2,47 

4,6 

21 

1,89 

2,80 

4,6 

9 

2,16 

2,51 

8.3 

22 

1,52 

8,10 

6.1 

10 

2,72 

3,48 

10,2 

23 

1,68 

2.79 

7.0t 

11 

2,27 

8,32 

9,7 

In  the  next  table,  the  same  two  stations  are  compared  with  Fort 
Simpson,  on  M'Renzie's  river,  in  latitude  61°  52',  long.  8^  5**  W. 
The  period  of  observation  compared  is  h^re  the  monUis  of  April  and 
May,  1844 ;  embracing,  however,  only  46  observation  days  at  the 
most  northern  station,  but  the  full  number  at  the  others.  Sundays 
are  included  at  Sitka  in  both  cases. 


TABLE  a 


) 


Mean  dlstiirbance  of  declination,  April  -  Ma^ 

1844. 

Local 

Torontoii 

Sitka. 

Fort 

Local 

Toronto. 

Silka. 

Foft 

meantime. 

Simpaon. 

meantime. 

Stmpoon. 

Midnight 

2',89 

5',18 

14',6 

Koon 

2',06 

2';58 

8'.0 

13 

3,16 

6,67 

11,7 

1 

1,84 

2,22 

4,6 

1          14 

3,83 

5,42 

15,8 

2 

i,n 

2,31 

•J,o 

15 

4,62 

8,01 

22,2 

8 

1,56 

2,81 

6,8 

16 

8,77 

8,92 

17,3 

4 

1,68 

2.86 

6,1& 

17 

2,42 

6,08 

25,6 

5 

1,88 

2,96 

7.4 

18 

2,43 

3,60 

22,9 

6 

2,04 

4,08 

8.1 

19 

3,97 

2,69 

22,8 

7 

2,78 

4,16 

8,8 

20 

2,91 

2,49 

19,7 

8 

2,29 

2,91 

12,8 

21 

2,16 

2,10 

12,0 

9 

2,94 

8,61 

16,4 

22 

2,08 

2,46 

12,2 

10 

4,58 

3,90 

13,1 

23 

2.24 

2.57 

6,2 

11 

2,73 

3,58 

9,2 

*  By  omitting  one  obeervation  on  January  25^  1^  66tt,  when  the  extreme 
point  of  a  great  movement  happened  to  eoincide  with  the  regnlar  hour  of  ob- 
servation, this  value  is  redoeed  to  10^6'. 

f  By  omitting  a  rimilar  extreme  obaervation  on  Febroary  2^  7^  65tt,  this 
value  is  reduced  to  6,7'* 
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The  obsenratioiis  at  Toronto  weretaken  2^"  after  the  hoars  named; 
those  at  Sitka,  28''  after;  those  at  Lake  Atteahasca,  &^  after;  and 
those  at  Fort  Siix^son,  Id*'  before  the  hours  named. 

It  is  not  to  be  expected  that  the  observations  of  periods  so  short 
as  fiye  months  and  two  months,  should  exhibit  the  diurnal  law  of 
mean  disturbance  with  much  regularity,  unless  at  stations  peculiarly 
liable  to  that  effect.  Lake  Athabasca  and  Fort  Simpson  are  such 
stations,  and  here  the  law  is  strongly  marked  :  the  corresponding 
periods  at  the  other  stations  are  introduced  for  strict  comparison  ; 
but  we  must  take  a  longer  period,  as  in  the  next  table,  to  which  I 
have  added  Philadelphia*,  to  make  their  characteristics  in  this  re* 
q>ect  fiilly  evident. 

TABLE  HL 

Hean  diBtnrbance  of  the  deolination  for  ti^elve  months  at  Philadelphia  and  Sitks^ 
and  for  two  years  at  Toronto ;  to  which  are  added  for  comparison,  the  ool^ 
responding  values  given  by  Dr.  Xloyd  for  the  year  1843,  from  the  observa- 
tions  at  Dablinf. 


Local 
meanttme. 

Babitn.  , 

PliUadeL 

Toronto. 

Btika. 

1848. 

1844. 

Midnight 

18 

14 

16 

•16 

17 

18 

19 

20 

21 

22 

28 

Noon 

1 

2 

8 

4 

5 

6 

1 

8 

« 

10 

11 

'*2,"62' 
2,16* 
"1,93** 
"1,89* 
"i,98  * 
'2,17' 

"*2,*ii** 

2,12 

**8,'47'* 

"4,*67   ' 

2',22 
2,10 
2,29 
2,29 

1,91 
2,10 
2,06 
,  2,20 
2,00 
2,19 
1,91 
1,98 
1,61 
1,65 
1,76 
1,77 
1,H 
1,67 
1,62 
1,86 
2,62 
2,61 
2,59 
1,88 

l',78 
2,06 
1,91 
1,92 
1,83 
2,17 
2,26 
1,82 
1,67 
1,98 
1,91 
.   1,86 
1,93 
1,83 
1,66 
1,70 
1,88 
1,73 
2,06 
1,87 
2,66 
2,43 
2,44 
2,82 

8',08 

2,72 

2,62 

2,89 

2,86 

2,72 

2,68 

3,08  . 

2,28 

2,07 

2,08 

2,14 

1,88 

1,80 

1,92 

1,88 

1,76 

1,96 

1,87 

1,96 

8,85 

8,56 

8,88 

2,88 

4V57 
4,95 
4,07 
4,86 
4,93 
8,51 
8,03 
2,86 
2,91 
2,66 
8,14 
2,83 
2,60 
2,40 
2,22 
2,88 
2,46 
2,52 
2,71 
8,82 
4,50 
4,05 
4,42 
8,67 

i 


*  Magnetical  and  meteorological  observations  at  Qirard  College,  by  Dr.  A.  D. 
Bacbk,  1840-1845. 
f  IVaasaciions  of  the  Royal  Lriah  Academy,  Yol.  zzii,  part  1.  * 
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The  year  1843  Waa  selected  by  Dr.  Lloyd  for  tliis  inTOBtigadon,  on 
account  of  its  freedom  from  great  disturbances  :  "  on  the  grounds 
<*  that  the  number  which  denotes  the  frequency  of  the  irregular 
changes,  in  consequence,  bearing  a  larger  proportion  to  that  which 
denotes  their  magnitode,  any  regular  law  to  which  they  are  subject 
•*  will  be  more  readily  apparent."  The  observations  of  1843  at  To- 
ronto, as  compared  with  those  of  the  following  year,  show  that  this 
absence  of  disturbance  was  equally  characteristic  at  that  station. 
The  observations  at  Philadelphia  and  Sitka  belong  principally  to  the 
year  1844,  the  period  examined  being  the  twelve  months  commencing 
October  1843. 

It  appears  by  the  foregoing  table,  that  at  each  of  the  American 
stations  the  mean  disturbance  of  the  declination  has  its  lowest  value 
in  the  afternoon,  and  that  this  is  succeeded  by  a  maximum  at  9  or 
10  p.  M.  So  far,  therefore,  the  diurnal  law  at  all  the  stations  agrees 
with  that  deduced  by  Dr.  Lloyd  from  his  own  observations^  namely, 
that  "  during  the  day,  i.  e.  from  6  a.  m.  to  6  p.  m.,  the  mean  distur- 
'*  banco  is  nearly  constant  :  at  6  P.  m.  it  begins  to  increase,  and  ar* 
«*  rives  at  a  maximum  a  little  after  10  p.  m.*'  When,  however.  Dr. 
Lloyd  proceeds  to  state,  **  it  then  decreases  with  the  same  regular- 
**  ity,  and  arrives  at  its  constant  day  value  at  about  6  a.  m.,"  he 
describes  a  feature  which  is  evidently  not  characteristic  of  all  the 
stations,  and  is  more  completely  wanting  as  we  proceed  to  the  north. 
The  following  are  the  arithmetical  means  of  the  values  for  each 
quadrant  of  the  twenty-four  hours  : 


) 


TABLE  IV. 

Ifidn.  to  S.  a.  DL 

6  to  11  a.  in. 

Noon  to  6  p.  m. 

6  p.  m.  to  mkhL 

Dublin 

2',60 
2,16 

2,11 
2,80 
4,40 

l',92 

2,05 

1,91 

2,36 

2,90 

2',  14 

1,73 

1,78 

1,86 

2,43 

3',82 

2,18 

2,28 

2,83 

3,86 

Philadelphia  . . . 
Toronto  {    \^- 
Sitka 

It  will  be  seen  that  at  Philadelphia  and  Toronto,  the  mean  value 
from  midnight  to  5  a.  m.  is  somewhat  less  than  in  the  quadrant  pre- 
ceding midnight ;  but  the  difference  is  materially  less  in  proportion 
than  at  Dublin  :  at  Sitka,  the  highest  value  is  after  midnight.  Ar- 
ranging in  like  manner  the  values  for  the  shorter  periods  in  Tables 
I  and  II,  we  find  the  same  general  law,  but  with  a  greater  excess 
after  i^idnight  at  Lake  Athabasca  than  at  Sitka,  and  a  yet  greater 
at  Fort  Simpson  than  at  Lake  Athabasca. 
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TABLE  V. 
Mean  disturbance  of  declinatioD,  October  1848  to  Febmary  1844. 


Midn.  to  6  a.m. 

6  to  11  ft.  m. 

Noon  to  5  p.  m. 

6  p.  m.  to  mldn. 

Toronto 

Sitka 

l',67 
8,48 
9,83 

l',66 

2,86 

6,88 

l',64 

2,22 

4,40 

r,76 

2,79 

Lake  Athabasca, 

6,48 

<^ 


TABLE  VT. 
Mean  disturbance  of  declination,  April  and  Maj  1844. 


Midn.  to  6ft.in. 

6  to  11  a.  m. 

Notm  to  5  p.  m. 

6  p.  m.  to  mldn. 

Toronto 

Sitka 

8',46 
6^68 
17,85 

2',68 
2,65 
15,88 

l',79 

2,64 

,56? 

2',»9 
8,68 
11,16 

Fort  Simpson  ... 

The  observations  of  April  and  May  at  Sitka  include  nine  days  which 
were  not  days  of  observation  at  Toronto,  and  fourteen  which  were 
not  days  of  observation  at  Fort  Sinopson,  where  there  were  aJso 
a  few  omissions  in  the  sixhourly  period  commencing  at  midnight : 
this  may  account  for  the  somewhat  lower  relative  value  in  that  qua- 
drant as  compared  with  the  one  preceding  it,  at  the  latter  station, 
than  at  Sitka. 

The  above  comparison  exhibits  a  marked  difference  in  the  state 
of  disturbance  prevailing  after  midnight  at  Sitka,  Lake  Athabasca 
and  Fort  Simpson,  as  compared  with  the  lower  stations.  Of  the  six 
hours  preceding  midnight,  however,  only  9*",  10**  and  ll**  are  dis- 
tinguished for  a  high  value  of  this  quantity  at  any  of  the  stations  :  it 
will  perhaps  be  better  therefore  to  compare  these  three  hours  with 
3^,  4^  and  5^  a.  m.  particularly;  hours  to  which  no  prominent  interest 
was  assigned  by  any  of  the  authorities  quoted  above.  I  have  here 

taken,  in  each  instance  except  Dublin,  the  value  of  V/ -^ I  •  ^^  is 

also  necessary  to  substitute  at  Dublin  some  of  the  values  of  1843  for 
the  corresponding  months  of  1844  ;  but  this  will  not  affect  the  com* 
pariison*  Taking  the  same  periods  at  all  the  stations,  we  have  the 
fellowing  results  : 
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TABLE  VIL 


nva  wnnoEB  MOiiTBa. 

TWO  srauG  MOnBI. 

» 

9  - 11  p.  m. 

8-6a.m. 

9  - 11  p.  m. 

8-6a.in. 

Dublin 

2',70 

1,86 

2,^6 

8,10 

8,89 

l',76 
1.47 
1,69 
2,80 
11,68 

6',27 
2,17 
8,61 
3,43 

12,89 

2',71 
2,46 
4.17 
7,50 

21,67 

Philadelphia  . . . 

Toronto 

Sitka 

Lake  Athabasca, 
Fort  Simpson  . . . 

Again  :  for  the  whole  year,  we  have 


TABLE  Vm. 

9  - 11  p.  m. 

8-6a.in. 

Dublin 

8',77 

2,38 

2,89 

8,18 

4,19 

2',84 

2.11 
1,98 

2,82 
4,28 

As  1,61 
1.18 
1,21  : 
1,11  : 

0.97  : 

Philadelphia. . . . 
Toronto]    J^* 

The  highest  values  would  be  given  at  Sitka  by  the  hours  12*,  l\  2* 
A.  M.  both  in  the  winter  period  and  on  the  whole  year,  and  by  2*,  ^, 
4*  A.  M.  in  the  two  spring  months,  which  appears  to  show  an  earlier 
epoch  for  the  second  reaction  than  at  the  other  two  northern  stations ; 
but  probably  the  reduction  of  another  year's  observations,  at  least, 
will  be  necessary  to  determine  this  point. 

It  appears  then  that  while  at  Philadelphia  and  Toronto,  as  at 
Dublin,  the  mean  disturbance  of  the  declination  presents  but  one 
maximum,  which  occurs  at  9  or  10  p.  m.  ;  yet  there  is  not,  even  at 
these  stations,  a  complete  agreement.  At  Dublin,  the  value  decreases 
regularly  after  11  p.  m.;  at  Philadelphia  and  Toronto,  it  decreases 
to  a  materially  less  degree.  Proceeding  to  Sitka,  we  find  a  maximum 
about  the  same  hour,  but  it  is  succeeded  by  another  at  1  a.  m.,  and 
the  average  value  is  somewhat  greater  for  the  hours  succeeding  than 
for  those  preceding  midnight.  At  Lake  Athabascai  we  have  still  a 
maximum  about  10  p.  m.,  but  it  is  decidedly  inferior  to  a  second 
maximum  at  5  a.  m.  or  thereabouts.  Lastly,  at  Fort  Simpson,  without 
losing  the  first  maximum,  we  find  it  exceeded  in  a  still  higher  ratio 
by  the  second.  Hence  we  are  led  to  the  conclusion  that,  as  regrards 
the  declination,  there  are  two  classes  of  irregular  influences,  or  two 
reactions  during  the  night,  succeeding  the  regular  influences  which 
have  acted  during  the  day.  Of  these,  the  one  which  produces  a  mik 
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ximum  7alue  of  disturbance  at  9  or  10  p.  h.  appear^^  to  be  universai* 
bat  i3  nowhere  important  enough  to  modify  in  any  marked  degree 
the  character  of  the  mean  diurnal  curves  of  this  element,  which  is 
chiefly  impressed,  at  all  save  the  most  northern  stations,  by  the  direct 
or  regular  action  of  the  day.  The  other  class,  or  that  which  produces 
a  second  maximum  of  disturbance  after  midnight*  is  not  universaly 
but  comes  into  operation,  on  the  American  continent,  more  and  more 
effectively  as  we  approach  the  magnetic  polo ;  until  at  last,  as  will 
be  seen  by  the  accompanying  diagrams,  its  energy  is  such  as  to  mask 
the  effect  of  the  more  feeble  regular  influences,  and  to  determine 
almost  entirely  the  apparent  character  of  the  mean  diurnal  changes. 

I  have  hitherto  referred  to  the  disturbance  of  the  declination 
alone,  that  being  the  element  which  has  been  most  generally  studied, 
and  which  alone  has  given  a  marked  maximum  of  disturbance  at  9^ 
or  10^  p.  M.  The  horizontal  force  and  the  inclination,  at  Lake  Atha- 
basca and  Fort  Simpson,  equally  support  the  conclusion  that  the 
causes  producing  disturbance  at  these  stations  come  into  operation 
chiefly  towards  morning,  and  concur  in  showing  4^  or  6^  A.  M.  to  be 
the  period  of  their  greatest  effect.  The  result  is  that  the  principal 
inflexion  in  the  mean  diurnal  curve  for  each  element  occurs  at  that 
hour  also,  giving  to  these  curves  an  apparent  character  differing 
most  remarkably  from  those  described  elsewhere. 

In  the  accompanying  plate,  I  have  laid  down  the  simultaneous 
mean  diurnal  curves  for  the  three  elements  at  Lake  Athabasca  and 
Toronto,  for  the  five  months  October  1843  -  February  1844  :  it  will 
be  seen  that  so  completely  are  the  regular  changes  at  the  northern 
stations  subordinate  to  the  irregular,  that  the  effect  of  the  former  is 
not  easily  recognized  at  all.  By  omitting  all  the  days  on  which 
disturbances  were  observed,  amounting  to  about  three  fifths  of  the 
whole  number,  it  was,  however,  found  that  a  considerably  greater 
degree  of  correspondence  could  be  distinguished ;  the  great  inflec- 
tions at  3,  4y  5  a.  u.  were  materially  reduced,  and  a  greater  promi- 
nence g^ven  to  the  inflections  at  midday.  Hence  it  appears  pi^obable 
that  if  we  could  eliminate  the  efiects  of  the  disturbances,  or  of  the 
influences  classed  as  irregular,  entirely,  there  would  be  little  otber 
difference  in  the  remaining  curves,  than  must  be  expected  to'  resolt 
from  the  great  difference  in  the  length  of  the  day  and  night  at  these 
two  stations. 

The  two  months  observations  at  Fort  Simpson  give  remarkaUjr 
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similar  curves  to  those  at  Lake  Athabasca,  and  even  exaggerate 
their  peculiar  features,  namely,  the  inflections  at  3  -  5  a.  h.,  and  the 
singular  prolongation  of  a  high  value  of  the  horizontal  force  to  a 
late  hour. 

It  can  scarcely  be  necessary  to  point  out  the  great  comparative 
amount  of  the  mean  disturbance  shown  at  the  two  most  northern 
stations.  At  Fort  Simpson  this  may  be  in  some  slight  degree  artifi- 
cial, the  result  of  a  change  in  the  mean  scale  readings ;  but  such 
cannot  be  the  case  to  any  material  extent,  as  steps  were  taken  to 
eliminate  that  change  before  tliis  calculation,  as  is  shown  at  large  in 
the  account  of  the  observations  at  these  stations.  The  effect  of  this 
grreater  prevalence  of  disturbance  is  strikingly  shown  in  the  great 
amount  of  the  mean  daily  range  of  the  elements.  Taking  the  differ- 
ence between  the  highest  and  lowest  scale  reading  of  each  day  for 

the  daily  range,  and  ^k/zizJ  for  the  mean  daily  range,  we  have 

the  following  remarkable  series  : 

TABLE  IX. 


TWO  Bpmnra  iioirnH. 

]>ediiiatioiL 

HoriBenlAl  fbroe. 

DwdinatkMi. 

Hortaontil  force. 

At  Philadelphia, 
Toronto  .... 

Sitka 

Lake  Athabasca, 
Fort  SinipeoQ  . . . 

7M 
8,6 

30,4 

,00182x 
,00242x 
,00380x 
,02768x 

ll',4 

14,0 

16,2 

63,1 

,001 67x 
,00357x 
,00444x 

,04182x 

Bearing  in  mind  that  Sitka,  which  differs  so  widely  from  Fort  Simp- 
son and  agrees  so  nearly  with  Toronto,  is  460  geographical  miles 
distant  from  the  former  and  2250  from  the  latter*,  we  have  here  a 
striking  proof  how  little  magnetical  phenomena  are  governed  by 
geographical  relations. 

There  is  one  other  circumstance  connected  with  the  disturbance 
of  the  declination,  which  I  cannot  forbear  to  mention,  although  it 


•  Sitka  :  Latitade  67®  8';  longitude  9^  2,2"  W.  from  Greenwich  It  maybe 
neoenary  to  mention  that  the  unifilar  magnets  at  Philadelphia  and^tka  were  of 
%  feet  in  length ;  at  Toronto,  of  14  inches ;  and  at  the  two  northern  atationa^  of 
S  inchea  only.  The  effect  of  the  dimensions  of  magnets  npon  the  amount  of  their 
moTements,  and  upon  the  mean  diurnal  curves  deduced  from  those  movements^ 
is  a  subject  which  requires  further  investigation. 
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does  not  immediately  belong  to  the  subject  of  this  paper.  I  mean 
the  remarkable  influence  of  the  seasons  upon  the  mean  diurnal  curve 
of  this  quantity;  the  great  augmentation  which  the  principal  maxi- 
mum receives  at  the  time  of  the  equinoxes,  and  th^much  lower 
values  which  prevail  at  both  the  solstices.  In  the  next  table  are  sho^vn 
the  values  of  the  mean  disturbance  of  declination  at  Philadelphia, 
Sitka  and  Toronto, for  one  year,  according  the  agronomical  seasons*. 
Thus  February,  March,  April,  form  the  group  for  the  vernal  equi- 
nox, and  so  on  :  each  quantity  is  the  value  of  v/ -i :  J  ^^6  whole 

reduced  to  arc.    (See  Table  X.) 

Although  it  would  be  improper  to  unite  in  one  mean  seasons  so 
dissimilar  as  midwinter  and  midsummer,  it  will  be  remarked  that 
they  differ  much  less  than  might  have  been  expected ;  and  that  the 
difference  in  the  epoch  of  greatest  mean  disturbance  is  very  small,  in 
proportion  to  the  difference  in  the  length  of  the  day  at  these  seasons. 
The  means  for  the  year  have  been  already  given. 

It  seems  natural  to  connect  this  remarkable  prevalence  of  dis- 
turbance at  the  equinoxes  with  the  well  known  fact  that  the  aurora 
borealis  is  most  developed  at  the  same  seasons.  I  do  not  mean  to 
offer  one  fact  as  explaining  or  accounting  directly  for  the  other ;  but 
believing  the  latter  to  be  an  entirely  atmospheric  phenomenon,  sub- 
ject to  periodic  laws,  both  diurnal  and  annual,  to  suggest  that  both 
may  be  related  to  a  common  cause.  The  magnetical  phenomena  seem 
to  show  that  there  are  two  classes  of  forces,  characterized  by  de- 
termining the  equatorial  end  of  a  magnet  to  the  east  and  west  re- 
spectively, and  that  these  are  severally  brought  into  operation  by  the 
presence  and  absence  of  the  sun  above  the  horizon  :  when  these 
forces  are  nearly  balanced,  owing  to  the  equal  length  of  day  and 
night,  or  his  position  near  the  equator,  then  disturbances  prevail ; 
when  either  of  them  greatly  preponderates,  as  happens  alternately 
in  winter  and  summer,  there  is  a  less  disposition  to  disturbance.  As 
regards  the  elements  of  magnetism,  the  whole  diurnal  change  then 
derives  its  peculiar  character  principally  from  the  forces  proper  to 
the  day  or  night,  as  the  case  may  be  :  as  regards  the  aurora,  con- 


*  ThiB  arrangement  wae  adopted  after  actual  trial  of  the  more  usual  division 
accord  ing  to  meteorological  seasons,  which  did  not  exhibit  the  characteristic 
sought,  in  such  strong  contrast 
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ndered  as  a  visible  electric  discharge,  it  would  seem  an  inference 
that  the  causes  producing  it  are  diminished  by  the  same  circumstance. 
In  the  foregoing  tables,  the  differences  have  been  summed  without 
regard  to  tfaAr  direction  or  sign.  If  we  sum  separately  the  squares 
of  the  differences  which  have  the  +  &nd  —  signs,  or  which  indicate 
deviations  to  the  east  and  west  of  the  supposed  mean  position  for 
the  hour,  it  is  found  that  at  every  season,  and  at  each  of  the  stations, 
the  maximum  of  mean  disturbance  at  9^  or  10^  p-m.  is  the  result  of 
easterly  movements.  Such  is  also  the  case  with  the  maximum  at  5 
A.  H.  at  the  two  most  northern  stations.  The  westerly  means,  on  the 
contrary,  are  the  largest  during  the  day ;  and  there  are  indicaticma 
of  a  maximum  value  under  this  sign  at  6  or  7  a.  m.,  but  less  regular, 
and  apparently  more  affected  by  the  seuoas  than  the  other. 

EXPLANATION  OF  THE  PLATE 

The  mean  dinmal  curve  of  declination  at  both  stations  for  the  five  months 
eompared,  is  laid  down  on  a  scale  of  10,0'  to  cme  inch  :  that  of  the  horinmtal 
force  at  Lake  Athabasca,  upon  a  scale  of  ,00841+  to  one  ineh ;  the  same  at 
Toronto,  on  a  scale  twice  as  large,  or  ,00171  to  an  inch. 

The  curve  of  inclination  at  Lake  Athabasca,  from  the  scale  readings  of  the 
induction  inclinometer,  is  on  a  scale  of  0,58'  to  an  inch,  being  in  proportion  to 
that  of  the  horizontal  force.  The  corresponding  curve  at  Toronto  is  on  a  scale  of 
0,151'  to  an  inch,  which  is  also  in  proportion  to  that  of  the  horizontal  force  at  the 
same  station ;  but  the  values  laid  down  are  from  the  mean  scale  readings  (for  the 
same  period)  for  three  yewre  :  consequently  not  directly  comparable,  as  regards 
their  amount^  with  those  of  the  horizontal  force,  which  exhibit  a  considerably 
less  than  average  diurnal  change,  in  consequence  of  the  general  absence  of  dis- 
turbance in  the  winter  of  1843  -  4. 

Dr.  Bache  said  that  the  Section  were  deeply  indebted  to  Captain 
Lefroy  for  the  very  beautiful  illustration  of  his  observations.  Wbevi 
he  said  this  was  but  a  leaf  from  his  <*  log  book/'  the  members  moat 
have  some  idea  of  the  immense  labor  of  which  this  was  an  example 
of  only  one  day's  work.  These  observations  were  of  the  highest 
importance  to  every  investigator  of  magnetical  phenomena,  and  must 
have  a  most  beneficial  effect  on  the  researches  which  were  going  on 
among  scientific  men  in  almost  every  quarter  of  the  globe  to  ascei^ 
tain  the  true  laws  of  magnetism. 

Com.  Wilkes  had  witnessed  the  beautiful  exposition  of  Captain 
Leprot  with  sentiments  of  high  admiration ;  and  he  would  take  this 
opportunity  of  calling  the  attention  of  the  Section  to  the  propriety 
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of  directing  measures  to  be  taken  to  lay  before  Congress  the  ne- 
cessity of  establishing  stations  for  a  series  of  observations  of  a  like 
character.  This  was  an  investigation  that  could  not  be  pursued  by 
private  or  individual  exertions.  As  the  benefits  which  would  result 
from  it  would  accrue,  not  to  the  individuals  who  might  take  it  up, 
but  to  the  whole  country  and  especially  to  our  marine,  it  was  but 
just  that  Congress  should  aid  in  afiPording  the  means  for  performing 
the  labor  attached  to  such  investigation  in  a  worthy  manner.  The 
British  Government  had  set  a  worthy  example  :  one  which  we  ought 
to  emulate. 

Prof.  Henry,  of  Washington,  stated  that  this  was  a  part  of  the 
harvest  which  science  had  reaped  from  the  great  crusade  which  the 
British  Association  had  established  to  investigate  the  phenomena  of 
terrestrial  magnetism.  Capt.  Lefrot  had  spent  a  whole  winter,  with 
the  thermometer  below  the  freezing  point,  in  making  the  upper  curve 
on  the  diagram  which  he  had  exhibited  here  to-day.  We  had  as  yet 
done  nothing  to  compare  with  this.  It  was  true  that  there  had  been 
a  series  of  observations  taken  by  Dr.  Bache,  of  the  College  of  Phi- 
ladelphia, which  had  been  published  by  order  of  Government ;  but 
this  was  an  individual  case,  and  there  were  no  others  with  which  to 
compare  the  results  obtained.  He  hoped  our  own  Government  would 
take  this  matter  in  hand«  There  was  no  people  more  interested  in 
the  practical  benefits  which  such  a  philosophical  investigation  would 
confer,  than  the  people  of  the  United  States. 

Dr.  Bache  wished  to  mention  the  name  of  Col.  Abert  in  con> 
section  with  this  subject,  as  one  who  had  most  materially  aided  in 
making  the  observations  which  had  been  published  by  Congress,  and 
who  was  intimately  concerned  in  carrying  them  on. 

Prof.  Henry  said  he  would  mention  one  fact  connected  with  the 
observations  at  Toronto  and  at  Philadelphia,  and  which  was,  that 
though  the  instruments  employed  at  the  two  places  mentioned  were 
very  different  in  construction,  each  gave  the  same  answer  in  their 
indications  of  magnetic  phenomena. 
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42.  On  the  Meteoric  Stone  of  Deal,  New- Jersey,  which  fell 
August  15,  1829.     By  Charles  Upuah  Shephard. 

I  AM  indebted  to, Dr.  Elwtn,  the  treasurer  of  our  Association,  for  a 
reference  to  the  notice  of  the  meteorite  of  Deal  by  Mr.  Robert  Vaux 
and  Dr.  Thomas  M'Euen,  published  in  vol.  xvi,  p.  181  of  the  Trans- 
actions of  the  Academy  of  Natural  Sciences  ( Philadelphia)  ;  and 
still  further  to  the  curators  of  the  Academy,  for  a  few  grains  of  the 
stone,  detached  from  their  specimen  (of  rather  more  than  half  an 
ounce  weight),  which  has  enabled  me  to  extend  the  account  of  its 
properties  beyond  the  following  brief  remark,  which  is  all  that  is 
embraced  on  this  head  in  the  paper  above  referred  to,  viz  :  **  The 
stone  is  three  inches  in  its  greatest  length,  and  the  surfhce  black 
with  many  indentations." 

Its  sp.  gr.  =  3,25  . . .  3,30. 

Its  coating  is  perfectly  black,  but  without  the  glassy  lustre.  Id 
some  spots,  it  penetrates  by  narrow  veins  and  chinks  into  the  mass 
of  the  stone  for  a  slight  distance. 

It  is  of  a  light  color  within  (destitute  of  rust  points),  and  has  a 
vitreo-pearly  lustre.  Nickeliferous  iron  is  distributed  through  it  in 
minute  shining  globules,  with  here  and  there  bronze-colored  specks 
of  magnetic  iron  pyrites.  The  stone  is  slightly  coherent,  and  appears 
to  be  destitute  of  rounded  concretions. 

The  metallic  portion  is  rich  in  nickel.  The  earthy  part  is  readily 
attacked  by  hydrochloric  acid;  and  the  solution  formed  contains 
silica,  oxide  of  iron  and  magnesia,  apparently  in  the  proportions  of 
howardite. 

The  stone  may  therefore  be  regarded  as  nearly  identical  with  that 
of  Castine  (May  20,  1848),  and  of  Poltawa  (March  12,  1811). 

In  the  course  of  Prof  Srepard's  remarks,  the  circumstance  of  the 
existence  of  a  remarkable  meteoric  hill  in  Mexico  was  mentioned 
by  Dr.  Le  Conte  of  New- York.  While  passing  through  the  village 
of  Tucson,  a  frontier  town  of  Sonora  near  the  Gila,  in  February 
last,  he  observed  two  large  pieces  of  meteoric  iron,  which  were  used 
by  the  blacksmiths  of  the  tovni  for  the  purposes  of  an  anviL  He  was 
unable  to  procure  any  specimens  from  these  bodies,  but  was  guided 
to  a  canon  between  two  mountain  ridges  in  the  immediate  vicinity, 
from  which  both  pieces  had  been  taken,  where  the  masses  of  the 
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meteorites  were  so  abundant  as  to  have  given  name  to  the  cafion. 
He  had  not  before  heard  any  account  of  this  remarkable  circum^ 
stance,  and  had  considered  it  an  interesting  subject  for  observation. 


43.  On  the  probable  date  of  the  fall  of  the  Ruff's  Mountain 
(S.  C.)  Meteoric  Iron.    By  Charles  Upham  Shepard. 

This  highly  interesting  mass  (weight  117  lbs.),  first  brought  into 
notice  by  Dr.  Thomas  Wells,  and  described  by  me  al  the  Charleston 
meeting  of  this  Association,  appears  to  have  been  one  of  very  recent 
date.  It  was  brought  to  the  office  of  Dr.  Wells  in  Columbia  in  the 
winter  of  1844,  with  the  account  that  it  was  incidentally  met  with  by  ' 
a  person  out  upon  a  hunting  excursion  in  a  somewhat  unfrequented 
place  ;  the  position  of  the  mass  being  that  of  entire  isolation,  upon 
a  flat  surface  of  rock.  This  circumstance,  coupled  with  the  fact  that 
its  exterior  is  fresh  on  all  sides  and  perfectly  clean  from  the  hydrated 
peroxide  of  iron,  seems  to  justify  the  inference  that  it  could  not  have 
occupied  this  situation  for  any  length  of  time ;  the  more  especially 
when.it  is  observed  that  freshly  cut  portions  are  prone  to  oxidation, 
even  when  carefully  protected  from  air  and  moisture. 

The  foregoing  circumstances  have  led  me  to  attach  considerable 
importance  to  the  following  very  striking  description  (in  a  letter  to 
myself)  of  a  meteoric  explosion  that  occurred  about  forty-five  miles 
to  the  southeast  of  Ruflf's  mountain  in  the  year  1841,  and  which  was 
communicated  to  me  by  Rev.  William  C.  Coolet.  It  apparently 
points  to  the  origin  of  the  mass  under  consideration. 

PorreviLut  (Pa.),  April  27,  1846. 
DsAB  Sm  :  In  accordance  with  yonr  wish,  I  subjoin  as  accurate  an  account  of 
the  meteoric  phenomenon  which  I  witnessed  during  my  sojourn  in  the  South,  as 
my  recollection  and  other  more  reliable  data  will  enable  me  to  do.  It  was  near 
the  middle  of  the  month  of  February  1841,  that  I  was  a  witness  to  the  following 
impressive  events  in  Richland  district  (3.  C),  on  the  plantation  of  the  Messrs 
darksons.  Ab  my  usual  custom  then  was;  I  was  riding  on  horseback  from  one 
plantation  to  another  (situated  about  eight  miles  apart).  I  had  come  in  sight  of  a 
field  where  the  slaves  were  preparing  the  ground  for  the  planting  of  cotton.  It 
was  near  the  middle  of  the  day ;  and  I  had  slacked  my  horse's  pace,  and  was 
dowly  descending  a  hill,  when  I  was  suddenly  started  by  a  distant  whirring 
•oundy  very  much  resembling  that  made  by  whirting  a  shingle  through  the  air 
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foqieiided  hj  a  etiiog:  This  nound  rapidly  grew  nearer,  louder,  and  more  l»oken 
or  ragged,  until  it  died  awaj,  and  was  followed  by  another  quite  similar,  thougb 
more  distinct,  which  lasted  about  the  same  length  of  time,  and  was  followed  by 
a  third  and  final  report,  the  most  distinct  of  the  three,  which  terminated  in  ft 
crash  like  that  made  by  a  heavy  body  falling  to  the  earth.  Each  report  lasted 
nearly  a  quarter  of  a  minute,  giving  fully  sufficient  time  to  form  an  idea  of  its 
eharacter.  Jify  horse  was  so  completely  shocked  with  fright  as  to  stand  stock  still 
for  some  minutes  after  the  last  report  had  died  away,  utterly  regardless  of  mj 
efforts  to  urge  him  on.  The  laborers  in  the  field  threw  down  their  hoes,  and  with 
elasped  hands  looked  imploringly  up  to  heaven,  feeling  in  their  benighted  souls 
that  the  awful  day  of  judgment  had  come.  The  whole  country  for  twelve  miles 
around  was  thrown  into  a  state  of  great  excitement ;  and  every  one  I  met^  for 
days  afterward,  would  immediately  ask  if  I  had  heard  the  *  lumbering '  in  the 
tar.  Such  is,  I  believe,  an  accurate  account  of  what  I  heard  and  saw  of  this  j^^* 
nomenon ;  of  which  you  are  at  liberty  to  make  any  such  use  as  may  be  either 
interesting  to  yourself  or  advantageous  to  the  cause  of  science. 

I  avail  myself  of  this  opportunity  to  give  publicity  to  another  highly 
graphic  account  of  a  meteoric  explosion  that  took  place  in  Tennes- 
see, the  summer  after  this  mass  veas  found.  It  is  from  the  pen  of 
Judge  VooRHiES ;  and  should  its  publicity  fail  in  leading  to  the 
recovery  of  the  deposit  which  probably  attended  the  explosion,  the 
account  will  serve  to  strengthen  the  evidence  in  favor  of  the  idea 
advanced  on  a  former  occasion,  that  the  States  of  Tennessee.  North 
and  South-Carolina  are  more  liable  to  these  aerial  visitations  than 

other  portions  of  this  continent. 

• 

CaiBixnm,  DioKBoir  Co.  (Tenn.),  Stpiember  11,  IMfi. 

Sm  :  Your  letter  and  circular  of  20th  August  and  28th  July  last,  requesting 
information  relative  to  meteoric  stones  and  meteoric  irons^  arrived  some  days 
since.  We  have  no  account  of  any  meteoric  substance  having  been  found  in  this 
county,  except  the  mass  of  iron  which  I  presented  to  Dr.  Troost  (that  which  fell 
in  the  summer  of  1835).  My  attention  has  only  very  recently  been  drawn  to  thai 
subject  Several  years  ago,  I  was  shown  in  some  part  of  the  country  some  stones 
said  to  have  been  precipitated  to  the  earth ;  but  with  all  my  efforts,  I  am  unable 
to  locate  the  precise  time  or  place,  or  person  communicating  the  fact.  The  cir* 
enmstances  accompanying  the  descent  of  the  mass  alluded  to^  now  in  the  posses- 
sion of  Dr.  Troost,  induce  me  to  believe  that  on  the  last  Saturday  in  the  noonth 
of  July  last,  at  4  or  5  o'clock  p.  m.,  another  meteoric  substance  fell  to  the  earth, 
some  four  or  five  miles  from  the  place  where  the  piece  of  meteoric  iron  was  found. 
I  was  at  that  time^'eighteen  miles  north  of  the  place  where  I  now  write,  utting 
in  the  piama  of  a  Mr.  Dickson,  in  company  with  several  gentlemen,  all  of  whom, 
as  well  as  myself  heard  the  report  We  supposed  at  first  that  a  large  gun  had 
been  fired  at  Clarksville,  a  town  on  Cumberland  river ;  but  the  sound  was  not  in 
Hktii  direction.  I  returned  home  the  ne^  day,  speaking  with  several  persons  on 
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liie  wfty  about  tiie  noise  they  had  boaid  the  day  before.  The  cHbe&a  of  this  plaoe 
also  heard  th'e  report ;  and  I  haye  understood  that  it  was  distinoUy  heard  ei^ 
teen  or  twenty  miles  south  of  thi&  Two  white  boys  from  this  yicinity  were 
hunting  squirrels ;  and  were  in  the  act  of  shaking  a  small  tree  for  some  purpose, 
looking  upward  during  their  operations^  and  at  that  instant  saw  nearly  oyer  their 
heads  a  bright  light  passing  rapidly,  and  fading  away  quickly.  One  of  them  ve- 
hemently called  out  *Look  1  lookl  look! '  They  describe  the  light  as  being  of 
the  color  of  tin.  They  heard  the  report^  and  became  alarmed.  Ereiy  body  here 
■ays  that  not  a  cloud  was  to  be  seen.  Where  I  was^  Ihe  sky  was  neyer  more 
doadlesa  The  boys  declare  that  there  was  not  the  sign  of  a  cloud.  Two  gentlemen 
were  sitting  in  the  piazza  of  one  of  the  tarerns  in  this  town,  and  both  hearing 
the  report^  one  observed  to  the  other,  that  the  noise  very  much  resembled  that 
made  by  plunging  a  hot  cannon-ball  into  a  barrel  of  water ;  neither  of  them  ap- 
prehending, as  I  understand,  what  was  the  cause  of  the  report  A  lady  who  resides 
five  miles  south  of  this  place,  deseribing  this  noise  in  the  heavens^  said  she  ww 
in  the  house  with  her  father  when  she  heard  it»  and  asked  quickly  what  it  wast 
Her  iisther,  who  is  hard  of  hearing;  said  it  was  thunder.  Whereupon  she  started 
quickly  for  the  door  (observing  as  she  went  that  it  was  not  like  thunder,  and  that 
there  was  no  cloud),  and  looked  up.  All  that  she  saw  was  a  small  white  cloud, 
or  patch  of  whitish  smoke  about  as  large  as  a  pocket-handkerchie(  which  im- 
mediately disappeared.  Its  place  was  almost  over  her  head,  but  a  little  to  the 
east  I  win  make  some  efforts  to  find  the  fallen  mass,  if  any  fell ;  but  if  I  should 
xot  myself  nnd  it  ihould  be  found  by  others  near  the  locality  I  have  indicated,  k 
will  fumiBh  a  presumption  that  its  desoent  was  accompanied  by  the  circnmstanoes 
I  have  related.         Very  respectfully  your  obedient  servant^    J.  YOORHIES. 


44*  An  Account  of  a  Meteor  which  was  seen  in  the  vicinity  of 
Hartford  (Conn.),  on  the  Night  of  October  3,  1850.  By 
Prof.  J.  Brocklbsbt,  of  Trinity  College,  Hartford. 

Qir  the  evening  of  the  third  of  October  1850,  a  splendid  meteor  of 
antisual  size  was  seen  by  two  observers,  who  reside  on  the  eastern 
slope  of  Talcott  mountain,  about  seven  miles  west  of  the  city  of 
Hartfbrd  in  the  State  of  Connecticut.  It  was  first  seen  by  Mr.  Gat- 
i<ord  Wells,  and  afterwards  by  his  wife ;  and  to  the  former  I  am 
indebted  fbr  all  the  particulars  I  have  been  able  to  collect  in  respeet 
to  this  remarkable  phenomenon ;  for  I  cannot  ascertain  from  the 
published  accounts  of  meteors,  that  this  brilliant  visitant  was  else- 
where noticed.  It  would,  however,  be  passing  strange,  if  a  body  of 
such  vast  size,  and  which  appeared  so  early  in  the  evening  and 
continued  visible  for  so  long  a  time,  should  have  failed  in  attracting 
attention ;  and  the  silence  reelecting  it  must  be  attributed  to  the 
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Htde  interest  mamfeBted  in  the  spectacle  by  those  who  beheld  it. 
The  following  &cts  I  took  down  from  the  lips  of  Mr*  Wells,  with 
whom  I  have  been  acquainted  from  my  boyhood,  and  whose  state- 
ments as  to  what  he  saw  I  know  to  be  worthy  of  the  utmost  reliance. 

The  place  where  my  informant  resides  commands  a  full  view  of  the 
heavens  in  three  directions  :  north,  east  and  south.  On  the  night  in 
question,  he  stepped  out  of  the  eastern  door  of  lus  house  at  about  half 
past  eight  o'clock,  as  near  as  he  could  judge  :  the  sky  was  serene, 
and  the  moon  within  about  an  hour  of  the  meridian.  Upon  passing 
round  the  southeast  comer  of  his  house,  Mr.  Wells  saw,  a  little  south 
of  west,  and  full  sixty  degrees  above  the  horizon,  a  bright  meteor 
apparently  a  foot  in  diameter.  It  shone  with  an  orange  hue ;  and 
below  it  was  a  train  which  seemed  to  be  fifteen  or  nxteen  feet  mi 
length,  fkn-shaped,  and  possessing  an  apparent  breadth  at  its  Airtber 
extremity  oi  full  two  feet*  The  train  shone  with  a  mild  phosphoric 
lustre,  and  resembled  a  light  and  delicate  summer  cloud.  The  meteor 
rose  from  west  to  east  with  a  slow  and  stately  motion ;  the  train 
preserving  nearly  its  original  length  as  the  body  advanced  towards 
the  meridian,  and  swept  onward  to  the  moon.  In  its  progress  the 
meteor  passed  above,  or  to  the  north  of  this  luminary ;  and  when 
it  had  arrived  on  the  eastern  side,  directly  turned  towards  the  south- 
east, and,  dropping  down  below  the  moon,  a  part  of  its  attendant 
train  swept  over  the  lunar  disk*  As  it  crossed  it,  the  face  of  the  moon 
was  slightly  obscured,  as  when  dimmed  by  the  passage  of  a  fleeting 
cloud.  The  meteor  now  gradually  descended,  and  was  watched  until 
it  had  reached  the  verge  of  the  horizon  in  the  southeast ;  and,  when 
last  seen,  appeared,  together  with  its  train,  to  be  not  more  than  eight 
or  nine  inches  long.  Neither  explosions  nor  scintillations  were  ob- 
served in  any  part  of  its  course,  and  it  appears  to  have  been  un- 
attended with  any  remarkable  changes  in  form. 

As  far  as  any  judgment  could  be  formed  of  the  velocity  of  diis 
body,  it  is  believed  that  the  time  occupied  in  moving  the  length  of 
its  train  could  not  have  been  less  than  three  minutes.  The  duration 
of  the  visibility  of  the  meteor  is  not  accurately  known,  as  the  ob- 
server did  not  refer  to  the  clock  at  the  beginning  and  end  of  the 
phenomenon ;  but  he  is  positive  that  it  could  not  possibly  have  been 
less  than  an  hour,  and  was  probably  an  hour  and  a  half.  In  truth, 
Mr.  Wells  staid  out  so  long  gazing  upon  the  wondrous  spectacle, 
that  his  wife  came  out  to  see  what  had  become  of  him,  and  a  severe 
cold  was  the  result  of  his  protracted  exposure. 
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I  regret  that  my  informant  was  unable  to  give  me  the  angular 
measurement  of  this  meteor  and  its  train,  if  it  was  only  for  the  sake 
of  comparing  its  dimensions  with  those  of  other  meteors ;  but  in 
one  respect  this  deficiency  is  partially  supplied.  The  meteor  of  Sep- 
tember 30th,  1850,  which  has  been  well  described  by  Prof.  Bond, 
was  also  observed  by  my  informant  when  near  the  Pleiades.  He 
considers  the  meteor  of  October  3d,  1850,  to  have  been  muck  larger 
than  this,  when  seen  near  the  stars  just  mentioned ;  but  that  the 
September  meteor  was  superior  in  brilliancy  to  the  one  of  October 
3d.  They  probably  differed  but  little  in  respect  to  the  duration  of 
their  visibility.  It  is  remarkable  that  two  meteors  of  such  extra- 
ordinary size,  and  which  continued  above  the  horizon  for  so  long 
and  unprecedented  a  time,  should  have  swept  through  the  heavens 
over  the  same  places  on  the  earth  within  three  days  of  each  other ; 
and,  unless  we  knew  that  their  paths  were  different,  we  might  al- 
most be  tempted  to  imagine  that  they  were  kindred  bodies  circling 
as  companions  through  the  fields  of  space. 
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I.   CHEMISTRY. 

1.  Analysis  of  the  Muskmelon  (Ovct^mM  melo),  and  Watermelon 
{Cucurbita  citruHus).    By  J.  H.  Salisbury,  M.  D.,  of  Albany. 

The  varieties  examined  were  the  Nutmeg  Muskmehn  and  the  Long 
Ked-fiesh   Watermelon.   The  fruit  only  was   examined.   Length  of 
muskmelon,  6  inches  ;  diameter,  5f  inches.   Length  of  watermelon, 
14  inches ;  diameter,  6  inches. 

PEBOEMTAOE  OF  WATEB,  DBY  MATTER,  AND  ABB. 

MuakmeloD.       Watermelon. 

Percentage  of  water    90,9SY  94,898 

—  drymatter 9,013  5,102 

—  ash    0,271  0,248 

—  ash  in  the  dry  matter,    8,007  4,861 

13 
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The  moskmelon  containB  but  a  trifle  more  water  than  the  beet : 
the  watermelon  contains  more  than  the  muskmelon,  and  less  than 
the  cucumber.  One  ton  of  the  fresh  fruit  of  the  muskmelon  has 
174,84  lbs.  of  organic  matter,  and  5,42  lbs.  of  inorganic  matter.  One 
ton  of  watermelon  fruit,  fresh,  contains  97,08  lbs.  of  organic  matter, 
and  4,96  lbs.  of  inorganic  matter.  36900  lbs.  of  muskmelons  and 
40322  lbs.  of  watermelons  contain  each  100  lbs.  d  inorganic  matter 
or  ash. 

100  lbs.  ABH  100  Ib«.  ABH 

of  MvskmeloiL    of  Watermekxi. 

Carbonic  acid   11 ,55  11 ,42 

Silicicacid 2,20  1,21 

Phosphoric  acid 25,40  14,98 

Sulphuric  acid 8,90  1 ,68 

Phosphate  of  iron 2 ,  30  4 ,  52 

Lime 6,86  7,32 

Magnesia   0,60  1,81 

Potash 8,36  23,96 

Soda 84,86  80,68 

Chlorine 5,20  1,81 

Organic  matter trace  trace 

99,70  98,78 

The  muskmelon  contains  a  very  large  percentage  of  phosphoric 
acid  and  soda,  and  considerable  potash  :  the  watermelon  has  a  very 
large  percentage  of  soda  and  potash,  and  is  also  quite  rich  in  phos- 
phoric acid.  The  occurrence  of  these  bodies  in  such  quantities  in 
these  plants  explains  to  us  why  dead  animal  matter,  as  flesh,  bones, 
etc.,  and  common  salt  and  ashes,  have  such  a  marked  influence  in 
promoting  their  growth  and  productiveness. 

PBOZIMATB  OBOAiao  ANALT8IB  OF  rBUIT. 

100  lbs.  of  MnskmeloiL       100  lbs.  of  Waterm^on. 

Fradi  frniu  Diy  fruit.  Freak  (hut.  Drj  fruit. 

Albumen  0,918  10,219  0,572  11,403 

Casein 0,442  4,952  0,004  0,080 

Dextrine 1,142  12,800  0,318  6,340 

Starch trace  trace  none  none 

Suear  and  extract 5,250  58,942  8,020  60,267 

Chlorophyl 0,004  0,044  0,006  0,120 

Fat,  wa^  and  resin 0,088  0,416  0,022  0,440 

Citric  acid trace  trace  0,007  0, 140 

Malic  acid   0,007  0,077  0,009  0,180 

Tartaric  acid 0,006  0,055  trace  trace 

Fibre 1,123  12,393  1,058  21,030 

"^""■^".""»  ^p^^^»i^.i«i«  v^saai^Bai^  aa^_ia_^_a^ 

Dry  matter 8,929      100,  5,016      100, 

Water 90,987         94,898         

99,916 

The  large  percentage  of  albumen,  casein,  dextrine  and  sugar,  with 
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a  small  quaotity  of  acid,  shows  us  the  reason  of  the  peculiar  rich 
flavor  of  the  fruit  of  the  melon. 

ULTDf  ATI  OBOANIO  ANALTBlg. 

100  parte  of  dry  flrait  of  the   Mnakmeloii,  Watermelon,       yield  oT 

Nitrogen 2,231  1,789 

Oxygen .....     48,906  48,187 

Carbon 44,820  43,764 

Hydrogen 6,832  6,872 

The  melon  furnishes  a  mild  but  very  pleasant  liquor  :  for  this  use, 
the  muskmelon  is  much  superior  to  the  watermelon. 


2.    On  the  Separation  of  Butter  from  Cream  bt  Catalysis. 

By  President  Edward  Hitchcock. 

It  is  well  known  that  the  s^aration  of  butter  from  cream,  during 
the  winter  months,  by  the  ordinary  process  of  churning,  is  often  very 
difficult,  from  some  chemical  changes  in  the  proximate  principles. 
From  my  own  small  kitchen  dairy,  the  complaint  on  this  subject  had 
so  often  reached  me,  that  I  was  led  a  few  years  since  to  inquire 
whether  there  were  not  some  remedy.  My  thoughts  were  turned  to 
that  principle  in  chemistry,  to  which  Berzelius  gave  the  name  of 
catdlysig.  In  observing  the  process  of  churning  with  the  old-fashioned 
cylindrical  chum,  I  had  noticed  that  along  the  handle,  when  the 
cream  had  been  subject  to  a  more  powerful  agitation,  butter  would 
show  itself  much  earlier  than  in  the  body  of  the  cream.  Hence  I 
inferred  that  by  acting  on  a  small  quantity  of  the  cream,  the  separa- 
tion might  be  easily  effected  in  that  portion  :  and  it  seeme4  not 
improbable,  that  by  seizing  the  exact  moment  when  the  separation 
was  taking  place,  and  adding  more  cream,  the  process  might  be 
communicated  to  that  also  in  a  catalytic  manner ;  and  if  so,  perhaps 
any  quantity  might  in  like  manner  be  made  to  yield  its  butter. 

I  made  the  experiment,  and  was  successful.  I  put  a  small  quantity 
of  cream  in  the  chum  at  first,  and,  by  a  few  moments  strong  agita- 
tion* brought  it  to  that  state,  familiar  to  a  practised  eye,  when  the 
butter  is  separating.  An  assistant  stood  with  the  principal  mass  of 
the  cream,  ready  to  pour  it  gradually  into  that  where  the  butter  was 
in  a  nascent  state,  which  I  continued  to  agitate  with  even  increased 
briskness  as  more  and  more  cream  was  added.  The  efiect  was  ma- 
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gical;  for  in  a  few  minutes,  I  several  times  had  the  pleasure  of 
seeing  several  quarts  of  cream  give  up  its  butter.  I  found,  however, 
that  if  the  fresh  cream  were  poured  in  too  fast,  it  would  stop  the 
process  ;  and  that  it  would  not  answer  to  let  the  agitation  cease  for 
an  instant. 

I  have  delayed  for  two  or  three  years  to  state  these  facts  publicly, 
because  I  had  hoped  to  make  additional  experiments  on  the  subject ; 
but  more  important  matters  have  prevented.  I  cannot,  therefore,  say 
of  how  much  practical  value  my  statements  may  be.  I  tried  experi- 
ments enough  to  convince  me,  that  although  the  requisite  manipula- 
tions would  require  some  skill,  it  would  not  be  greater  than  many 
other  processes  common  upon  farms.  The  common  chum,  however, 
is  not  adapted  to  the  experiment.  I  think  one  might  be  invented  that 
would  meet  the  case ;  but  I  must  leave  the  whole  matter  to  any 
others,  who  may  feel  interest  enough  in  it  to  carry  forward  what  I 
have  only  suggested. 

I  ought  to  add,  that  it  was  suggested  to  me  by  some  who  took 
charge  of  the  butter  thus  eliminated,  that  it  seemed  more  difficult  to 
separate  the  butter  and  the  whey  completely,  than  when  obtained 
by  the  ordinary  process.  To  this  point,  therefore,  the  attention  of  die 
experimenter  should  be  turned. 

It  may  be  thought  that  this  paper  would  more  properly  be  pre- 
sented to  an  agricultural  than  a  scientific  association.  I  offer  it  to 
the  latter,  because  it  was  scientific  principles  alone  that  led  to  the 
experiment ;  and,  besides,  I  know  not  as  yet  whether  it  will  be  of 
practical  value  to  the  farmer.  It  is,  however,  a  new  example  of 
catalytic  change,  and  therefore  worthy  of  record  in  the  annals  of 
science. 


3.  Analysis  of  Bituminous  Coal  Ash.    By  George  W.  Wbyman, 

of  Yale  College,  New-Haven. 

The  analysis  of  anthracite  coal  ashes,  presented  by  Mr.  Bunce  at 
the  New-Haven  meeting  of  this  Association,  having  given  bo  interest- 
ing results»  I  was  led  to  undertake  a  similar  investigation  of  the 
bituminous  coal  ash. 

The  coal  from  which  the  ash  was  obtained  was  procured  at  Pitts- 
burgh (Pennsylvania),  and  is  the  same  as  is  generally  used  there. 
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It  was  burned  in  a  large  furnace  where  the  heat  was  intense,  and 
every  precaution  was  taken  to  have  it  free  from  any  impurity.  The 
fire  was  allowed  to  bum  for  a  day,  and  then  thoroughly  raked  out 
before  any  ash  was  taken. 

The  mean  of  three  determinations  of  ash,  etc.  in  the  coal,  gave 
the  followihg  results  : 

Bitumen  ....  82»S2 

Carbon 64,84 

Ash 8,34 


100,00 


Three  determinations  of  the  amount  of  the  ash  soluble  in  water 
and  hydrochloric  acid,  gave  these  results  : 

FInt  determliwtton ;       BeooDd;  TliinL  Mean. 

Soluble  in  water 8,40  8,41  8,42  8,41 

Soluble  in  hjdrochlorio  acid,     8,58  8,86  8,46  8,46 

InBolnble   88,06  88,06  89,79  88,63 


99,99  99,88        101,67        100,49 

The  amount  soluble  in  water  agrees  very  nearly  with  the  solubility 
of  the  anthracite  ash ;  while  that  soluble  in  acid  is  only  a  little  more 
than  half  as  much. 

A  qualitative  analysis  detected  the  presence  of  silica,  iron,  alumina, 
lime,  soda,  potash,  sulphuric  acid,  and  chlorine. 

Separate  quantitative  analyses  were  made,  both  of  the  portion 
soluble  in  water  anil  soluble  in  hydrochloric  acid. 
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Tint ;               Second.  Mean  of  the  twa 

Silica   6,248              6,076  6,1696 

Alumina  and  iron,     0,972              0,461  0,7166 

Lime 62,811             68,630  63,2200 

Soda 6,489              6,884  6,3866 

Potaah   10,371            10,166  10,2636 

Chlorine  4,680              4,780  4,7060 

Sulphuric  add  ...  18 ,  690            18 ,  206  18 ,  8980 

99,106            98,698  98,8490 

The  quantity  of  iron  and  alumina  in  the  above  was  so  small,  that 
they  were  weighed  together. 
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fobhoh  soiajhub  dt  agid. 

Fint;  Beooad.  Mean. 

Saica 10.994  10,169  10,6816 

Iron    18,160  19,801  18,9766 

Alumina 23,784  22,687  23,2166 

Lime 31,860  81,664  81,7620 

Soda 7,181  6,763  6,4470 

Potash    2,036  1,968  2,0016 

Sulphuric  acid  ...     6 ,  860  6 ,  600  6 ,7260 

Chlorine 1,203  1,964  1,6836 

100,967  99,616  100,2916 

It  will  be  observed  in  the  above,  that  all  of  the  alkalies  was  not 
dissolved  by  water,  and  about  a  third  of  them  was  detenmned  in  the 
acid  solution.  The  ash  was  washed  with  water  until  the  water  gave 
no  taste.  The  alkalies  existed  undoubtedly  in  the  state  of  silicates. 

Calculating  the  above  determrnations  on  the  whole  ash,  we  have 
this  result ;  and  for  the  sake  of  comparison,  I  give  Mr.  Bunco's 
result  also. 

Bed-ash;       White-ash  Tarietj. 

Silica    1,0699  1,287  0,091 

Alumina 1,9660  4,244  3,316 

Iron 1,6862  6,828  4,028 

lame 4,4647  0,169  2,111 

Soda 0,7660  0,164  0,218 

Potash    0,6161  0,106  0,162 

Sulphuric  acid  ...     1 ,  1041  0 ,  430  0 ,  866 

Chlorine 0,2922  0,013  0,087 

Phosphoric  acid 0,269  0, 198 

Magnesia 2,008  0, 196 

Lifloluble 88,0600  86,647  88,681 

99,8042  100,104  99,961 

But  the  slightest  trace  of  phosphoric  acid  9eas  iietected  in  the 
bituminous  ash.  By  comparing  this  ash  with  that  of  the  anthracite, 
we  find  that  this  is  much  more  rich  in  alkalies  :  in  the  anthracite 
they  amount  to  about  0,4  of  a  per  cent,  while  here  they  exceed  one 
per  cent.  The  lime  is  also  about  twice  as  much.  No  magnesia  was 
detected.  The  absence  of  phosphoric  acid  in  this  ash  lowers  its  value 
as  a  manure ;  but  the  presence  of  so  large  a  quantity  of  the  alkalies 
compensates,  in  some  measure,  for  its  absence.  These  results  fully 
confirm  the  value  of  coal  ashes,  and  their  applicabili^  as  a  manure. 
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4.  On  the  Value  of  Soil  Analyses,  and  the  Points  to  which 

ESPECIAL  attention   SHOULD  BE   DIRECTED.      By  Prof.  JoHN  P. 

Norton  of  Yale  College,  and  Willl\m  J.  Craw,  First  Assistant 
in  Yale  Analytical  Laboratory. 

The  object  of  this  paper  i^  to  show  that  distinct  practical  results 
may  be  obtained  by  the  careful  analysis  of  soils ;  results  from  which 
conclusions  may  safely  be  drawn,  and  which  point  dearly  to  certain 
leading  principles  in  agriculture.  It  may  be  thought  strange  that 
demonstration  should,  at  this  advanced  period  of  improvement,  be 
required  in  such  a  cause ;  but  the  fact  is  that  many  chemists,  and 
among  them  some  of  the  highest  reputation,  have  of  late  been  ac* 
customed  to  speak  slightingly  of  soil  analyses,  and  to  intimate  that 
they  are  of  little  value.  Some  have  even  said  that  we  cannot  from 
analyses  tell  what  constitutes  fertility,  and  what  barrenness.  It  has 
also  been  said  that  we  can  learn  more  by  analysing  the  ash  of  weeds 
or  other  plants  growing  wild  on  a  soil,  than  by  analysing  the  soil 
itself. 

With  all  proper  deference  to  the  authority  of  others,  the  assertion 
may  safely  be  made  that  such  as  these  are  always  founded  upon 
erroneous  ideas  with  regard  to  the  connection  between  the  soil  and 
the  plant,  and  also  to  deficiency  in  practical  knowledge.  This  last  is 
especially  an  important  point  :  those  who  work  only  in  the  labora- 
tory upon  small  quantities,  and  in  accordance  with  scientific  theories, 
can  have  little  true  conception  of  the  different  circumstances  which 
they  must  meet,  or  rather  their  theories  must  meet,  when  brought 
into  the  open  air;  when  tons  are  in  question,  rather  than  milli- 
grammes ;  when  sun,  wind  and  rain  have  full  scope ;  when  the 
winter's  frost  and  summer's  heat  unite  in  the  work  of  change  and 
transformation.  Thus  it  is  that  many  have  been  disappointed  in  their 
anticipations,  and  have  given  up  the  whole  matter  in  despair,  when 
a  more  cautious  adoption  of  theories,  and  a  due  consideration  of 
actual  realities,  would  have  led  to  far  different  results. 

Another  class  of  objectors  find  fault  with  analyses  of  soils,  as  not 
affording  after  all  a  fair  index  to  the  true  composition  of  any  given 
soil.  The  analysis  is  made  upon  a  minute  quantity;  and  this,  in 
separating  its  constituents,  is  divided  into  yet  more  minute  quantities, 
so  small  that,  as  it  is  said,  they  have  an  extremely  uncertain  relative 
proportion  to  the  great  unhomogeneous  mass  from  which  the  original 
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sample  was  taken.  This  objection  is  one  chiefly  urged  by  accurate 
chemists,  who  are  accustomed  to  analyse  minerals  and  other  bodies 
having  a  perfectly  fixed  constitution,  and  to  make  determinations  on 
different  specimens  corresponding  almost  precisely  with  each  other. 
From  such  a  source  the  objection  is  certainly  entitled  to  respect,  and 
to  it  attention  will  be  first  directed. 

No  pretension  is  urged  that  analyses  of  soils  may  be  made  to  agree 
as  closely  as  those  of  minerals  :  this  is,  from  the  nature  of  the  case, 
impossible ;  but  the  agreement  is  ordinarily  quite  sufficient  for  the 
practical  purposes  intended.  As  the  strongest  possible  proof  of  this» 
two  samples  of  soil  were  taken  from  widely  separated  parts  of  the 
same  field,  one  of  six  acres.  These  analyses  were  made  with  a  yiew 
of  determining  certain  points,  and  are  therefore  not  carried  out  so 
fully  as  is  usual  in  Yale  Analytical  Laboratory.  Neither  the  iron  and 
alumina,  or  the  potash  and  soda,  were  separated.  The  analyses  are 
as  follows  : 

TABLE  L 

TRiP.  BKD  aWAT*. 

No.1.  NaS.  Na&  No.  4 

Iron  and  aluminA 9,509  8,646  10,884  16,344 

lame 0,314  0,216  0,247  0,074 

Magnesia  0,866  0,716  0,771  1,728 

Snlphates  of  potaah  and  Boda,     1,121  0,717  0,700  2,915 

Solublesaica 0,166  0,127  0,287  0,122 

Insoluble  fiilioeons  matter. .. .  81,677  82,070  82,581  76,887 

Organic  matter 7,167  7,760  6,058  4,4^7 

100,819      100,261       100,478      100,557 


• 


These  analyses  overrun  a  little  uniformly,  for  the  reason  that  the  • 
alkalies  were  not  especially  examined  and  sepai'ated  :  they  un- 
doubtedly contained  a  little  baryta  from  the  separation  of  the  mag- 
nesia, and  are  somewhat  too  high.  The  general  coincidence  between 
these  soils  is  quite  decisive,  without  being  perfectly  accurate.  It  is 
such  a  coincidence  as  one  would  expect,  and  it  is  perfectly  obvious 
that  all  practical  information  for  the  improvement  of  the  field  might 
be  as  well  drawn  from  the  study  of  one  as  from  the  other.  These 
were  both  trap  soils  ;  a  third  trap  soil  was  taken  from  a  field  per- 
haps a  third  of  a  mile  distant  from  the  first,  and  the  analysis  is  No. 
3  in  Table  I.  Here  again  we  have  the  same  leading  features,  the 
same  decisive  similarity  in  composition.  In  view  of  this  coincidence, 
is  it  not  perfectly  obvious  that  a  few  pounds  of  soil  from  four  or  five 
places  in   a  field,  mingled  together  thoroughly,  will  give  a  very 
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satiB&ctoiy  mean  as  to  the  composition  of  the  whole  field,  a  mean 
quite  sufficiently  accurate  for  practical  purposes  1  The  same  points 
may  be  exemplified  by  the  following  analyses  of  some  clays  from  the 
vicinity  of  Albany  : 

TABLE  n. 

No.  1  :  blue.   No.  2  :  bhie.    No.  8  :  white. 

Alumina  and  iron 18,22  18,76  17,01 

Lime 4,87  4,83             4,81 

Magnesia  2,47  2,69              2,71 

Potash  and  soda 8,67  8,16             4,80 

Soluble  silica 1,68  1,19              0,47 

Insoluble  siliceous  matter,   70 ,  40  69,16  67 ,  63 

The  clays  No.  1  and  No.  2  were  taken  from  a  hillside  near  Albarfy, 
but  at  a  considerable  distance  apart  :  their  appearance  was  quite 
alike,  and  the  agreement  in  the  analyses  is  even  more  striking  than 
in  the  case  of  the  trap  soils,  there  being  in  no  case  a  difference  of 
oaore  than  half  a  per  cent  between  any  of  the  determinations.  They 
oaight  very  well  be  published  as  accurate  determinations  of  the  same 
specimen.  The  white  clay  from  the  same  neighborhood,  No.  3  in  the 
table,  was  a  decidedly  lamellar  clay,  from  a  much  lower  layer  of  the 
same  series,  and  a  locality  considerably  removed  from  the  first.  The 
degree  of  coincidence  which  it  shows  with  the  first  two  samples  is 
quite  remarkable  :  it  is  in  all  essential  respects  the  same  soil,  the 
only  very  marked  difference  being  in  the  amount  of  iron  and  alumina 
and  of  soluble  silica.  The  same  remark  made  as  to  practical  deduc- 
tions from  the  study  of  analyses,  will  apply  here  as  in  the  previous 
instance  of  the  trap  soils  :  the  three  are  obviously  of  the  same  class. 

If  now  we  compare  with  these  soils  others  taken  from  different 
formations,  we  shall  find  equally  satisfactory  results.  In  Table  I  is 
included  an  analysis  of  a  red-sandstone  shale  taken  from  within  an 
eighth  of  a  mile  of  the  three  trap  soils  :  in  fact,  this  shale  appears 
between  soil  No.  1  and  2  and  No.  3.  The  difference  in  composition 
is  very  marked  :  the  amount  of  soluble  matter  is  greater  by  six  or 
seven  per  cent ;  the  alkalies,  by  nearly  two  per  cent ;  the  magnesia, 
about  one ;  and  lime  is  almost  absent,  there  being  but  about  1^ 
hundredths  of  one  per  cent. 

These  four  soils  were  all  from  Farmington  (Connecticut).  Within 
half  a  mile  or  less  of  their  locality  lies  the  soil  of  the  gravel  and 
sand  drift,  which  here  stretches  quite  across  the  State  and  into  Mas- 
sachusetts, running  at  least  ninety  miles  almost  unbroken.  This  forms 
a  poorer  soil,  differing  widely  from  either  of  the  others,  or  from  the 
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clays  given  in  Table  II.  In  tlie  following  table  are  the  results  of 
analyses  of  two  of  these  from  the  neighborhood  of  Newhaven,  but 
on  precisely  the  same  formation  as  exists  at  Farmington. 

TABLE  m. 

No.  t  Ko.  8. 

Iron  and  alamina. 6,669  6, lit 

Lime 0,099  0,079 

Magnens  0,350  0,283 

Potash  and  Boda 0,884         '      0,454 

Silica 0 ,  886  0, 264 

Insoluble  ailiceoiu  matter,  ^0,456  91,865 

Organic  matter 2,1T2  2,280 


100,454     100,842 

The  proportion  of  insoluble  matter  is  greater  by  some  20  per  cent 
than  in  the  clays,  and  by  10  to  15  per  cent  than  in  the  other  soils. 
Lime  is  very  trifling  in  amount,  and  magnesia  or  alkalies  in  neither 
case  amount  to  half  of  one  per  cent.  A  soil  formed  by  the  decom- 
position of  chlorite  and  serpentine,  the  locality  not  more  than  half  a 
mile  distant  from  these  sandy  soils,  was  partially  examined,  and 
found  to  show  a  very  different  character ;  abounding  especially  in 
lime,  magnesia,  and  soluble  silica. 

It  was  intended  to  present  a  larger  number  of  results  than  those 
at  present  completed ;  but  various  circumsti^ces  conspired  to  fnu* 
trate  this  intention,  as  also  to  prevent  the  analyses  from  being  carried 
out  more  fully.  As  they  stand,  however,  they  confirm  in  an  unex- 
pectedly satisfactory  manner  the  views  entertained  by  the  authors. 
They  are  not  selected  analyses  ;  all  that  were  made  being  published, 
vnth  a  single  exception,  that  one  being  rejected  on  account  of  an 
obvious  defect. 

These  analyses,  having  been  only  carried  so  far  as  to  serve  a 
particular  purpose,  are  somewhat  rough  and  unfinished  in  their 
character,  and  may  be  found  fault  with  in  that  respect.  To  show  that 
minute  particularity  does  not  lessen,  in  all  cases  at  least,  the  prac- 
tical value  of  analytical  results,  two  analyses  are  here  inserted,  which 
were  made  in  Yale  Analytical  Laboratory  a  few  months  since  by 
Messrs.  Erric  and  Brewer  :  they  are  of  soils  from  the  cotton  lands 
of  Mississippi. 
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TABLE  IV. 


Soluble  in  water. 


Organic  matter. 


A. 
4,740 


A.  2,470 percent 
R  0,147 


<• 


Silica 1,299 

Iron,  alumina  and  phosphatee^  0,280 

lime 0,889 

Magneaia 0,090 

Manganese 0,084 

Potash  0,248 

Chloride  of  sodium 0, 107 

Soda 

Sulphuric  acid 0, 144 


Soluble  in  acid. 

A.  4,96. 

B.  5,19. 


SiUca 

Alumina 

Iron 

Lime 

Magnesia 

Manganese  .... 

Potash 

Soda 

Sulphuric  acid  . 
Phosphoric  acid 


0,409 
1,641 
1,448 
0,686 
0,676 
0,002 
0,348 
.... 
0,070 
0,042 


(Silica 78,846 
Iron  and  alumina 6,946 
Lime 1,098 
Magnesia 1 ,  142 
Manganese 0,6fiS 


A.  87,83. 

B.  88,373. 


B. 
6,290 

0,072 

0,019 

0,020 

none 

none 

0,120 

• . .  • 

0,016 

0,009 

0,920 
1,820 
0,670 
1,340 
0,080 
none 
0,070 
0,180 
0,080 
0,008 

84,930 

2,370 

0,260 

0,680 

none 


100,069  99,867 


All  of  the  determinations  in  these  analyses  are  the  mean  of  at  least 
two  nearly  agreeing  re8ult9>  and  they  may  therefore  be  looked  upon 
as  singrulcu-ly  accurate.ifhd  exact. 

A  is  from  a  ne^  strong  cotton  soil.  B  was  originally  the  same 
soil,  but  has  been  worn  out  by  long  cultivation.  The  analyses  speak 
for  themselves.  In  B,  the  portion  soluble  in  water  has  been  exhaust- 
ed ;  in  the  other  portions,  its  inferiority  is  not  so  decisively  murked. 
From  the  inspection  of  these  analyses,  without  any  knowledge  of  the 
composition  of  the  cotton  plant,  the  opinion  was. expressed  that  the 
special  manure  needed  by  the  worn-out  soil  was  alkaline  phosphates. 
Since  that  time,  the  ash  of  a  cotton  stalk  from  Mississippi  has  been 
analysed  in  Yale  Analytical  Laboratory  by  Mr.  Judd,  and  this  ana- 
lysis is  presented  at  this  meeting  :  it  confirms  the  above  opinion  in  < 
a  very  remarkable  degree,  so  far  as  that  portion  of  the  cotton  plant 
is  concerned. 

In  view  of  all  the  foregoing  statements  and  results,  it  is  claimed 
that  they  go  to  sustain  in  a  most  decisive  manner  the  value  of  soil 
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analyses.  They  sbow  that  even  somewhat  rough  examinations  are, 
or  often  may  be,  highly  useful  in  a  comparative  point  of  view  ;  and 
that  in  some  instances,  certainly,  the  utmost  minuteness  of  investiga- 
tion only  renders  the  results  more  satisfactory.  In  fact,  these  careful 
analyses  are  the  only  ones  that  can  be  relied  upon  in  any  difiScult 
or  doubtful  cases.  It  is  easy  to  see  that  had  not  a  separate  analysis 
been  made  of  the  water  solution  in  the  above  two  cases,  the  deduc- 
tions from  the  analyses  would  have  been  quite  obscure  and  uncertain ; 
there  would  have  been  no  very  marked  difference  perceptible  be- 
tween these  soils. 

It  is  necessary  to  state  that  all  analyses  do  not  afford  concluaions 
alike  satisfactory  :  there  are  cases  which  are  yet  obscure;  cases 
upon  which  the  most  careful  investigations  yet  made  have  failed  to 
throw  full  light.  We  need  careful  and  detailed  analyses  in  great 
numbers ;  analyses  in  which  each  determination  is  verified,  and 
where  all  the  circumstances  of  climate,  temperature,  course  of  crop- 
ping, etc.  etc.  are  taken  into  consideration.  From  the  comparison  of 
such  analyses,  great  results  may  be  expected. 

It  may  not  be  inappropriate  to  indicate  some  of  the  points  to 
which,  in  the  present  state  of  our  knowledge  on  this  subject,  special 
attention  should  be  directed. 

First  as  to  the  organic  matter  :  this  should  always  be  determined 
carefully ;  and  probably  it  may  be  of  advantage  in  many  cases  to 
determine  how  much  is  soluble  in  alkalies,  and  is  therefore  imme- 
diately ^i  for  the  food  of  plants.  In  most  cases,  however,  a  know- 
ledge as  to  the  wetness  or  dryness  of  the  soil  will  give  in&Tmation 
upon  this  point.  If  the  soil  is  properly  dried,  decomposition  of  its 
vegetable  part  will  undoubtedly  proceed  with  sufficient  rapidity  for 
all  the  purposes  of  the  plant.  Our  knowledge  of  the  organic  bodies 
that  exist  in  the  soil  is  quite  indefinite,  and  we  look  with  suspicion 
on  all  determinations  of  crenates,  apocrenates,  ulmates,  humates, 
ulmin,  humin,  etc.  Years  of  patient  investigation  are  required  to 
bring  our  knowledge  in  this  department  of  agricultural  science  into 
a  proper  shape  for  practical  use. 

Neither  are  we  inclined  to  place  any  particular  reliance  on  what 
*is  called  the  property  of  absorption,  upon  which  many  chemists  lay 
much  stress.  In  almost  all  cases  a  practised  eye  will  decide,  from  a 
mere  inspection  of  an  analysis,  whether  a  soil  has  much  absorbent 
power  or  not. 
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Particular  attention  should,  in  all  critical  cases,  be  paid  to  the 
portion  soluble  in  water.  A  separate  examination  of  this  portion 
greatly  increases  the  labor  of  analysis  ;  but  that  labor  is  always  well 
expended,  for  it  shows  upon  what  the  plant  can  rely  for  its  imme- 
diate nourishment. 

The  acid  solution  should  be  made  by  heating  with  dilute  acid  for 
a  definite  length  of  time,  digesting,  not  boiling.  If  these  points  are 
not  attended  to,  the  acid  solution  will  vary,  owing  to  the  unequal 
quantities  of  iron  and  alumina,  and  of  soluble  silica,  dissolved. 

It  is  almost  unnecessary  to  direct  particular  attention  to  the  phos- 
phates ;  as  no  one,  who  has  worked  at  them  critically,  will  need  to 
have  them  recalled  to  his  memory.  They  are  of  vital  importance  to 
the  plant,  and  their  presence  should  always  be  ascertained.  We  have 
at  present  no  method  for  the  separation  of  phosphoric  acid  from  the 
bodies  with  which  it  is  associated  in  soils,  that  can  be  confidently 
recommended.  Beyond  a  doubt,  the  majority  of  the  determinations 
which  we  possess  are  mere  approximations.  The  analyst  should 
never  rest  satisfied  with  less  than  two  or  three  nearly  concurring 
determinations  ;  and  those,  in  our  experience,  are  not  easy  to  obtain. 
The  grand  desideratum  at  present  in  the  inorganic  part  of  this  class 
of  analyses,  is  a  method  for  the  exact  and  speedy  determination  of 
phosphoric  acid. 

Much  attention  is  to  be  paid  to  the  alkalies  also  :  in  critical  cases, 
they  should  always  be  determined  separately ;  for  when  the  joint 
weight  by  evaporation  is  relied  upon,  without  any  farther  proceed- 
ing, the  result  is  almost  invariably  too  high,  as  exemplified  in  some 
of  the  analyses  given  in  this  paper. 

Analyses  of  the  insoluble  portion  are  also  useful,  when  a  complete 
examination  is  desirable ;  because  the  substances  there  contained 
are,  vrithout  doubt,  undergoing  gradual  changes,  which  will  fit  them 
for  the  food  of  plants,  and  may  be  regarded  as  a  store  for  future 
consumption. 

It  is  probable  from  the  recent  results  of  Way,  and  also  of  Ander- 
son, that  much  benefit  may  often  result  from  ultimate  determinations 
of  nitrogen,  with  testing  for  the  purpose  of  ascertaining  whether  it 
exists  chiefly  in  the  form  of  nitrates  or  ammoniacal  salts.  This  last» 
however,  is  a  point  of  theoretical  interest,  as  the  practical  efiect 
seems  to  be  the  same  in  either  case. 

Lastly,  the  different  circumstances  of  physical  character,  elevation, 
climate,  wetness  or  dryness,  and  the  previous  course  of  treatment* 
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should  all  be  carefully  considered  when  the  analysis  ia  completed  ; 
for  upon  some  of  these  points,  and  not  upon  the  compositioo  as 
shown  by  destructiye  analysis,  the  explanation  of  difficulties  depends^ 
The  idea  that  any  ordinary  chemist  can  prescribe  for  the  complaints 
of  a  soil,  by  rule  and  measure,  from  a  mere  examination  of  a  small 
dried  sample,  without  &rther  knowledge  of  it,  is  utterly  absurd,  and 
can,  as  it  is  now  being  acted  upon  in  many  parts  of  our  country, 
only  lead  to  most  serious  consequences. 

It  is  the  duty  of  members  of  this  Association,  whatever  may  be 
their  department,  to  frown  upon  all  false  science ;  and  in  no  depart- 
ment are  their  exertions  more  needed  than  in  this.  A  multitude  of 
analysts  are  springing  up  in  various  parts  of  the  country,  following 
the  daily  increasing  demand;  and,  by  floods  of  cheap,  worthless 
analyses,  are  injuring  a  noble  cause  to  an  immense  extent.  Some  err 
from  ignorance  :  others  are  mere  pretenders ;  but  all  should  alike 
be  discouraged.  Cheap  analyses,  where  the  operator  depends  on 
them  for  his  support,  must  be  slighted  somewhere. 

It  is  a  matter  of  vast  national  importance  that  the  deterioration 
of  land  under  an  exhausting  and  wasteful  cultivation,  whidi  is  going 
on  more  or  less  in  every  part  of  this  /country,  should  be  checked 
speedily.  Every  American  of  every  station  is  directly  interested  in  a 
subject  which  affects  the  vital  prosperity  of  our  country  ;  but  every 
scientific  man  is  particularly  interested,  because  it  is  science  that 
must  effect  this  change  by  its  teachings ;  and  when  completed,  all 
true  science  and  all  scientific  bodies  will  gain  a  higher  place  than 
they  have  ever  before  occupied  in  the  minds  of  the  great  mass  of 
this  nation.  When  we  can  show  the  true  practical  utility  of  science 
so  widely  and  so  beneficently  in  one  branch,  all  other  branches  will 
also  receive  a  share  of  confidence  and  support.  Then,  too,  on  the 
other  hand,  when  one  branch  of  science  suffers  from  misrepresenta- 
tion and  falsification,  all  suffer  more  or  less  with  it.  One  office,  there- 
fore, of  this  Association,  and  of  every  member  in  his  own  place,  is 
to  encourage  the  true  and  sound  -—  to  discourage  all  that  is  ephe- 
meral and  superficial. 


5.  On  a  New  Method  for  the  Analysis  of  Soils.    By  David 

A.  Wells,  Junior. 

[Not  received.] 
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6.  Comparative  Analyses  of  Ash  from  Premium  Samples  of 
Ash  of  8-rowed  Yellow  Indian  Corn.  By  Mason  C.  Weld, 
of  the  Yale  Laboratory. 

[Not  received,] 


( 


7.  Solidification  of  the  Rocks  of  the  Florida  Reefs,  and  the 
Sources  of  Lime  in  the  Growth  of  Corals.  By  Professor 
£.  N.  HoRSFORD,  of  Harvard. 

L  It  is  required  to  ascertain  by  what  processes,  chemical  or 
mechanical,  or  both  chemical  and  mechanicali  the  surface  and  the 
submerged  rocks  have  become  hardened. 

By  the  surface  rock  is  intended  that  thin  brown  crust,  composed 
of  numerous  layers,  which  is  distinguished  by  great  compactness, 
and  a  peculiar  ring,  when,  in  detached  condition,  it  is  struck  by  a 
hammer,  and  which  occurs  on  the  abrupt  ocean  side,  and  more 
abundantly  on  the  long  slopes  on  the  land  side  of  the  Keys. 

By  the  submerged  rock,  is  intended  the  rock  of  oolitic  appearance 
which  has  solidified  under  water,  and  which  is  of  inferior  hardness 
to  the  surface  rock. 

The  surface  rock,  so  called,  has  in  many  places  no  longer  the 
outermost  position,  though  it  had  at  the  time  of  its  formation.  It  is 
indeed  interstratified  with  friable  light-colored  limestone.  The  epithet 
indicates  the  circumstances  of  its  formation,  not  its  present  position. 

I.  We  are  familiar  with  the  fact  that  a  mixture  of  quicklime,  water 
and  sand,  spread  out  upon  walls  and  ceilings  exposed  to  an  atmo- 
sphere  containing  more  or  less  of  carbonic  acid,  in  a  few  days  be- 
comes hard.  Analyses  have  shown  that  two  chemical  phenomena  are 
concerned  in  the  solidification,  to  wit  :  the  absorption  of  carbonic 
acid  from  the  air,  forming  carbonate  of  lime  (which  salt,  uniting  in 
equivalent  proportions  with  the  hydrate,  forms,  according  to  Fuchs, 
a  compound  of  great  stability) ;  and  the  union  of  the  outer  portions 
of  the  sand-grains  with  the  lime,  forming  a  silicate.  Investigation  has 
shown  that  sand  fulfils  mechanically  a  more  important  office,  by  in- 
creasing the  extent  of  surface  to  which  the  compound  of  the  hydrate 
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and  carbonate  may  attacb  itself.  The  latter  office  may  also  be  per- 
formed, and  equally  well,  by  pulverized  limestone. 

II.  It  is  well  known  that  calcareous  springs  deposit  carbonate  of 
lime  in  crystalline  forms.  The  salt  had  been  held  in  solution  by 
carbonic  acid  contained  in  the  water.  Upon  reaching  the  surface 
under  less  pressure  and  the  influence  of  a  high  temperature,  its 
carbonic  acid  is  given  up,  and  with  it  a  precipitate  of  carbonate  of 
lime  takes  place.  The  process  is  exclusively  chemical. 

III.  The  value  of  hydraulic  cements  is  now  conceived  to  depend 
chiefly  upon  the  presence  of  silica  and  lime,  the  oxide  of  iron  having 
little  or  nothing  to  do  with  the  process  of  solidification.  The  alumina, 
in  the  form  of  a  silicate,  yields  its  silica  to  the  lime,  which,  for  its 
transportation,  requires  water.  This  explains  the  necessity  of  its 
being  retained  under  water  periods  of  variable  length,  according  to 
the  proportions  of  the  ingredients.  The  processes  are  both  chemical 
and  mechanical. 

IV.  Gypsum  from  which  two  atoms  of  water  of  crystallization  have 
been  expelled  by  heat,  rapidly  hardens  upon  being  mixed  with  water. 
This  is  ascribed  to  the  reunion  of  the  sulphate  of  lime  with  the  water. 

Do  either  of  the  above  processes  suggest  the  method  by  which 
the  rocks  of  the  Florida  reefs  have  been  hardened  ? 

The  facts  presented  in  the  furnished  specimens  are  as  follows  : 

The  rock  formed  under  water  exclusively  is  composed  of  grains 
of  size  less  than  that  of  a  mustard  seed,  which,  to  the  naked  eye, 
appear  quite  globular  and  of  uniform  diameter.  More  carefully  exa- 
mined with  a  microscope,  they  are  found  to  be  far  from  regular  in 
fi>rm  or  uniform  in  size,  but  present  numerous  depressions  and  pro- 
minences. Distributed  throughout  the  intervening  spaces  is  a  fine 
deposit  of  carbonate  of  lime,  which  adheres  with  considerable  tena- 
city to  the  sui*face  upon  which  it  rests. 

The  surface  or  crust-rock,  though  not  strictly  homogeneous,  is 
composed  of  particles  so  minute  as  not  to  be  distinguished  from  each 
other.  It  dissolves  in  hydrochforic  acid,  leaving  a  flocculent  residue. 
The  solution,  when  evaporated  to  dryness  and  ignited,  readily  re- 
dissolves  in  hydrochloric  acid,  with  only  an  occasional  residue.  The 
solution  gives  no  precipitate  with  chloride  of  barium.  Nitrate  of  silver 
gives,  in  a  nitric  acid  solution,  a  white  precipitate  soluble  in  am- 
monia. The  aqueous  extract  gives  to  alcohol  flame  the  characteristic 
soda  tint.  The  powdered  rock,  dried  at  100^  C,  when  heated  in  a 
dry  tube,  gives  off*  water. 
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Thus  tbe  qnaKt^ve  analysis  of  the  incrusting  rock  showed  it  to  ^  "  I 

consist  of  lime,  soda,  carbonic  acid,  hydrochloric  acid,  water,  and 
organic  matter.  There  w^e  also  variable  traces  of  peroxide  of  iron, 
magnesia  and  silica.  The  former  two  were  wanting  in  most  of  the 
apecimens  examined,  and  the  silica  in  some.  Numerous  specimens 
Mrere  examined  for  alumina,  without  in  any  instance  finding  a  trace 
of  this  substance. 

In  a  quantitative  analysis  by  Homer  : 

L     0,265  grammes  of  flubatance  gave  0,2830  gr.  of  carbonate  of  lime. 

n.    0 ,  1745  gr.  of  substance  gave,  with  a  Will  and  Fresenias  apparatus,  0 ,  06  gr. 
of  carbonic  acid. 

m.    0,172  gr.  of  substance  gave,  with  the  same  apparatns^  0,0585  gr.  of  car- 
bonic acid. 

rv.     1 ,289  gr.  of  substance  gave  to  a  chloride  of  calcium  tube,  with  the  aid  of 
hent  and  an  aspirator,  0,028  gr.  of  water. 

T.     0,591  gr.  of  substance  lost  by  prolonged  ignition  in  a  platinum  crucible 
0,260  gr. 

VL     0,685  gr.  of  substance  gave  0,0101  gr.  of  chloride  of  silver,  corresponding 
with  0,0025  gr.  of  chlorine,  and 
with  5,806  per  cent  of  chloride  of  sodiauL 

VII.    0,376  gr.  of  substance  gave  0,0005  gr.  of  silica. 

Deducting  the  water  and  carbonic  acid  from  the  total  volatile  matter, 
we  have  the  organic  matter  ==  6,92  per  cent.  It  is  conceived  that  all 
the  chlorine  present  is  in  combination  with  sodium*. 
The  above  determinations,  expressed  in  percents,  give 

L  n.  jn.  TV,  T.  T1,  TIL 

Lime...     61,17    -t —      51,17 

Carbonic  acid . .     84,88    84,01      84,24 

Water 2,17      2,17 

Chloride  of  sodium 5,81      5,81 

Silica 0,01  0,01 

Organic  matter 6,92  6,92 

100,82 

These  ingredients  permit  no  action  like  that  occurring  in  hydraulic 
cements,  in  which  silica  plays  an  important  part ;  or  like  that  pre- 
sented in  the  hardening  of  gypsum,  in  which  sulphuric  acid  is  ne- 
cessary. To  one  of  the  two  remaining  processes,  if  to  either,  must 


*  As  soda  was  recognized  by  the  flAme,  and  as  the  lime  is  equivalent  only  to 
the  water  and  carbonic  acid,  the  chlorine  has  all  been  referred  to  the  sodium.  If 
a  portion  were  in  combination  with  calcium,  it  would  not  materially  affect  the 
percentage  results,  and  not  at  all  the  view  taken  of  the  cause  of  solidification  of 
the  ree£ 

u 
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it  be  aacribed ;  and  as  hydrate  of  lime  is  presenty  it  eaimot  be  es- 
clusively  assigned  to  a  place  with  calcareous  spring  deposits.  Now 
how  could  hydrate  of  lime  be  provided  from  carbonate  of  lime  f 

The  completeness  of  the  suite  of  collections  provided  for  me  by 
Pro£  Agassiz  has  enabled  me  to  answer  this  question  in  such  a 
manner  as  leaves,  I  think,  little  room  for  doubt.  On  the  main  land 
against  the  Keys,  there  are  depressions  which  are  filled  with  water 
only  at  long  and  irregular  intervals.  This  water,  like  that  Mrithin  and 
about  the  keys,  abounds  with  animal  life.  As  the  water  evaporates, 
these  animals  die,  and  fall  upon  and  mingle  with  the  coral  mud  at 
the  bottom.  As  the  beds  become  more  and  more  completely  dry,  the 
layer  of  mud  and  animal  matter  hardens  till  it  forms  a  mass  re- 
sembling the  surface  or  crust  rock. 

Of  this  soft,  growing  rock,  specimens  were  collected.  Agitated 
with  water,  it  yielded  a  turbid,  foetid  solution.  Tested  with  acetate 
of  lead,  it  betrayed  the  presence  of  hydrosulphuric  acid.  After 
standing  some  hours,  a  delicate  white  film  was  deposited  upon  the 
containing  vessel,  at'  the  surface  of  the  water,  which  proved  to  be 
carbonate  of  lime.  Test-paper  showed  the  liquid  to  be  alkaline.  The 
addition  of  soda  solution  set  ammonia  free,  and  the  addition  of 
.<;hloride  of  barium  and  hydrochloric  acid  showed  die  presence  of 
sulphuric  acid. 

Conceiving  this  soft  rock  to  be  in  the  condition  in  which  the  so- 
lidified crust  was  at  first,  the  process  of  hardening  seemed  of  easy 
explanation. 

The  animal  matter  mixed  with  the  carbonate  of  lime,  containing 
sulphur  and  nitrogen,  besides  carbon,  hydrogen  and  oxygen,  in  the 
progress  of  decay,  which  warmth  and  a  small  quantity  of  water  fa- 
cilitated, gave,  as  an  early  product  of  decomposition,  hydrosulphuric 
acid :  this,  by  oxidation  at  the  expense  of  the  oxygen  of  the  atmosphere, 
became  water  and  sulphuric  acid.  The  sulphuric  add  coming  in  con- 
tact with  carbonate  of  lime,  a  salt  soluble  in  10,600  parts  of  water, 
resolved  it  into  sulphate  of  lime,  a  salt  soluble  in  388  parts  of  water. 
The  carbonic  acid  set  free,  uniting  with  an  undecomposed  atom  of 
carbonate  of  lime,  rendered  it  soluble.  The  nitrogen  going  over  into 
the  form  of  ammonia,  at  a  later  period,  decomposed  the  sulphate  of 
Hme,  forming  sulphate  of  ammonia  and  soluble  hydrate  of  lime.  This 
hydrate  of  lime,  with  an  atom  of  carbonate  of  lime,  united  to  form 
the  compound  in  ordinary  mortar  investigated  by  Fuchs.  The  car- 
bonate of  lime  in  solution  from  the  added  carbonic  acid,  as  the 
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water  is  withdrawn  by  evaporation,  takes  on  the  crystaltine  form* 
giving  increased  strength  and  solidity  to  the  rock. 

That  this  explanation  may  serve,  in  however  small  measure,  for 
the  crust  rock  on  the  land  slopes  of  Key  West  and  all  localities  of 
a  similar  character,  it  is  necessary  that  there  be  animal  exuviae  in 
coral  mud,  or  finely  divided  carbonate  of  lime.  Both  these  occur. 
The  water  about  the  Keys  abounds  in  animal  life. 

With  the  influx  of  the  tide,  the  slopes  become  overspread  with 
the  water  and  what  it  contains  in  suspension.  The  retreating  water, 
at  ebb  tide,  leaves  a  thin  layer  of  the  animal  matter,  mixed  always 
when  the  water  is  agitated  with  the  fine  calcareous  powder.  Before 
the  return  of  flood  tide,  exposure  to  the  atmosphere  and  warmth 
have  secured  the  succession  of  chemical  changes  enumerated  above, 
and  a  thin  layer  of  rock  is  formed.  A  repetition  of  this  process 
makes  up  the  numerous  excessively  thin  layers  of  which  this  rock  is 
composed. 

On  the  ocean  side  the  deposit  is  formed  from  spray,  during  winds 
which  drive  the  froth  of  the  sea,  containing,  with  coral  mud,  the 
exuviae  from  the  barrier  of  living  corals  upon  the  low  bluffs  of  the 
keys. 

To  these  chemical  changes  must  be  added  the  simple  admixture 
of  the  animal  and  vegetable  matter,  which,  like  mucilage  or  glue, 
fills  up  the  interstices,  increases  the  extent  of  surface,  and  with  it 
the  cohesive  attraction ;  and  still  further  to  the  decomposition  of  the 
organic  matter  furnishing  carbonic  acid,  which  gives  solubility  to  the 
pulverulent  carbonate  of  lime. 

The  exceeding  fineness  of  the  coral  mud  is  due  in  part  to  the  stone 
plants  which  flourish  in  the  waters  within  the  reef,  and  which  admit 
of  ready  reduction  to  a  powder  of  extreme  fineness.  Of  these,  two 
species  of  Millepora  and  one  of  Opuntia  were  analysed  by  Scovillx 
in  my  laboratory. 

Opuntia  gave  of 

Organic  matter.....  4,18  6,72 

Carbonic  acid   87,68  85,81 

Lime 61,81  61,86 

Water 6,59  6,92 


99,26  98,81 
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MiLLEPORA  gave  of 

Organio  matter 4,46  4,46 

Carbonie  acid 40,09  89, 64 

Sulphuric  acid 0 ,  0056  0 ,  0056 

Lime 47,71  47,98 

Water 8,67  8,80 

99,9156        99,0756 

Another  Millepora  gave  of 

Organic  matter 1 ,  26  2 ,68 

Carbonic  acid 41,08  2,70 

Lime 46,85  46,80 

Magnesia   6,28  5,90 

Water 4,52 

100,44 

Tbe  discrepancies  in  the  analyses  of  the  different  specimens  of  the 
same  species  are  due  to  the  circumstance  that  different  parts  of  tbe 
stone  plant  contain  organic  matter  in  unlike  proportions  ;  and  it  is 
very  difficult  to  procure  two  specimens  which,  when  pulverized,  will 
present  homogeneous  powders  of  the  same  constitution. 


II.  Source  of  lime  in  the  growth  of  corals. 

Marcet*,  as  early  as  1823,  observed  carbonate  of  lime  in  the  sea 
water  near  Portsmouth.  Jacksont  found  it  in  two  specimens  of  sea 
waiter  furnished  by  the  United  States  Exploring  Expedition ;  one 
from  600  feet,  and  the  other  from  2700  feet  below  the  surface.  J. 
Davyl  found  the  sea-water  of  Carlisle  Bay,  Barbadoes,  to  contain 
about  16000^^  P^^  ^^ carbonate  of  lime.  There  was  found  scarcely 
a  trace  near  the  volcanic  island  of  Fayal.  WhiteH  is  of  the  opinion 
that  it  fails  only  near  the  surface ;  but  die  elaborate  analysis  by 
Bibra§,  of  no  less  than  ten  specimens  taken  generally  from  a  depth 
of  twelve  feet,  but  in  one  instance  from  a  depth  of  four  hundred  and 
twenty  feet,  in  various  latitudes  on  both  sides  of  the  equator,  shows 
quite  conclusively,  that  it  is  not  a  constant  ingredient  of  sea  water. 


*  Annals  of  Fhiloeophy,  April  182S,  p.  261. 

f  Am.  Jour.  Science,  2d  S.,  Vol  v,  p.  47. 

X  PhiL  Magazine  (8),  zxzv,  p.  282. 

I  Id.,  p.  808. 

§  AxuL  de  Chemie  et  de  Pharmacies  Izxvii,  90. 
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His  analyses  do  not  mention  a  trace  of  carbonate  of  lime.  The 
quantity  found  by  Davy  is  very  nearly  that  which  is  soluble  in  water, 
and  is  obviously  due  to  the  calcareous  marl  which  abounds  near  the 
Barbados. 

The  water  from  within  the  Keys  was  carefully  analysed  in  my 
laboratory  :  it  contained  lime  and  sulphuric  acid  among  its  ingre- 
dients, but  not  a  trace  of  carbonic  acid. 

The  total  want  of  carbonic  acid  in  a  water  in  which  coral  life  is 
so  luxuriant,  suggests  naturally  that  the  stone  plant,  as  well  as  the 
coral  animal,  possesses  the  power  of  abstracting  lime  from  sulphuric 
acid  ;  the  change  being  due  to  double  decomposition  with  carbonate 
of  ammonia  excreted  from  the  plant  and  animal,  yielding  carbonate 
of  lime,  quite  insoluble,  and  sulphate  of  ammonia  of  the  highest 
solubility.  The  building  up  of  the  calcareous  skeleton  becomes,  upon 
this  hypothesis,  of  exceeding  simplicity.  The  suiTounding  element 
yields  at  once  to  the  exhaling  carbonate  of  ammonia  the  framework 
of  stone. 

With  this  view,  there  is  no  difficulty  in  finding  a  supply  of  car- 
bonate  of  lime  for  the  vast  masses  of  coral.  The  sulphate  of  lime, 
decomposed  to  furnish  the  carbonate,  is  perpetually  renewed  through 
rivers  from  the  continents  and  islands. 

The  following  inferences  are  legitimately  deducible  from  this  view: 

1st.  Corals  would  in  general,  other  circumstances  being  equal,  be 
more  likely  to  flourish  near  the  mouths  of  freshwater  streams. 

2d.  They  would  flourish  in  oceanic  currents  of  moderate  depth, 
at  no  great  distance  from  the  mouths  of  freshwater  streams. 

3d.  They  would  soon  die  in  bodies  of  salt  water  wholly  cut  off 
from  the  ocean. 

4th.  They  might  flourish  to  some  extent  in  waters  accessible  to 
the  sea  only  at  high  tide. 

The  second  inference  expresses  the  condition  of  the  Florida  reefii 
with  regard  to  the  waters  of  the  Mississippi.  Dana,  in  his  Article  vi 
on  Coral  Reefs  and  Islands*,  remarks  :  '*  It  would  almost  seem  as 
if  corals  grew  best  near  freshwater  streams."  In  the  same  paper, 
the  author  remarks  of  the  influence  of  tidal  or  local  marine  currents 
upon  the  production  of  harbors  about  coral-bound  islands.  In  Part 
n  of  the  same  papert,  he  states  that  "  where  there  is  an  open  chan* 
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nelf  or  tbe  tides  gain  access  over  a  banier  reef,  corals  continue  to 
grow,  etc.  At  Hennake  the  sea  is  shut  out  except  at  high  water,  and 
diere  were  consequently  but  few  species  of  corals,  etc.  At  Abii  there 
was  a  small  entrance  to  the  lagoon ;  and  though  comparatively  shal- 
low, corals  were  growing  over  a  large  portion." 

These  &cts  seem  to  me  to  give  some  consideration  to  the  view 
expressed  above. 

It  was  of  interest  to  ascertain,  in  the  case  of  corals,  whether  the 
formation  of  new  coral  without  was  attended  with  absorption  or 
partial  solution  in  the  interior,  and  a  corresponding  reduction  of  its 
specific  gravity.  Specimens  of  coral,  from  the  centre,  periphery,  and 
midway  between,  of  a  mass  of  Meandrina  a  foot  in  diameter,  were 
reduced  to  powder,  washed  with  hot  water  until  the  chloride  of 
sodium  was  all  removed,  and  their  specific  gravity  ascertained  by 
Storer.  The  average  of  three  specimens  from  the  centre,  three  from 
the  middle,  and  two  from  the  periphery,  gave  the  following  specific 
gravities  : 

Oentre.  Middle^  Periphery. 

2,695  2,749  2,785 

These  results  so  far  support  the  affirmative  of  the  suggestion  above, 
as  to  make  a  repetition  of  the  determinations  desirable. 

The  chief  conclusions  to  which  the  above  research  has  conducted, 
are  : 

I.  That  the  submerged  or  oolitic  rock  has  been  solidified  by  tbe 
infiltration  of  finely  powdered  (not  dissolved)  carbonate  of  lime, 
increasing  the  points  of  contact ;  and  the  introduction  of  a  small 
quantity  of  animal  mucilaginous  matter,  serving  the  same  purpose 
as  the  carbonate  of  lime,  that  of  increasing  the  cohesive  attraction. 

IL  That  the  surface  rock  has  been  solidified  by  having,  in  addition 
to  the  above  agencies,  the  aid  of  a  series  of  chemical  decompositions 
and  recompositions  resulting  in  the  formation  of  a  cement 

And  I  may  add  that  it  lends  support  to  the  suggestion, 

III.  That  the  carbonate  of  lime  of  corals  is  derived  from  the  sul- 
phate in  sea-water,  by  double  decomposition  with  tbe  carbonate  of 
ammonia  exhaled  from  the  living  animal. 

-  I  examined,  also,  all  the  speeiea  <^  coral  at  my  commandr  witbout 
finding  a.  trace  of  alumina  in  any  of  them.  The  hydroohloric  acid 
solution  of  the  coral  was  predpitated  with  aaoflioiHa.  The  washed 
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precipitate  was  digested  for  several  hours  with  potassa  (previously 
tested  for  alumina),  and  filtered.  The  filtrate  was  then  neutralized 
with  hydrochlonc  acid»  and  ammonia  added.  After  standing  for 
several  hours,  there  appeared  filaments  which  were  soluble  neither 
in  potassa  n9r  nitric  acid,  and  which,  examined  with  a  microscope, 
proved  to  be  paper  :  they  had  been  derived  from  the  filter.  Beside 
these,  there  was  no  precipitate.  The  quantities  employed  were,  in 
several  instances,  from  a  quarter  to  half  a  pound  of  material. 
There  were  examined, 

Hillepora  alicomis; 

Meandrins  labyrinthica^  two  speeiineiu ; 

Manicina  palmata; 

Myddi*  areolata; 

Afltrsa  mieroeoaiaofl^  two  speeimens ; 

Rock  Bnbafiria],  and  Rook  sabmarine^  niimeroiia  ■peeimesa. 

Note.  In  the  preceding  analyses,  the  lime  due  to  the  water, 
forming  a  hydrate,  is  as  9  :  28  =  2,17  :  6,75.  Deducting  this 
from  the  total,  61,17  —  6,75  =  44,42,  we  have  the  lime  combined 
with  carbonic  acid.  Calculation  required  34,90COs  :  determination 
gave  34,24. 


8.    On  the  Analysis  of  Urinary  Calculi.    By  Professor  J. 

Lawrence  Smith. 

[  Not  received,] 


9.    Analyses  op  Obskrtations  of  the  Soils  op  Pike  County, 
SoioTE  VAhtZY,  Ohio.    By  D.  A.  Wells,  of  Cambridge. 

[  Nat  received,] 
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10.  On  the  Homologies  of  the  Alcohols  and  their  Dbriya- 
Tnxs.  Bj  T.  S.  Hunt,  of  the  Greological  Commission  of 
Canada. 

Mr.  Hunt  commenced  by  defining  the  nature  of  the  terms  homo- 
logue  and  hamologoust  as  applied  to  the  constitution  of  organic  bodiest 
and  proceeded  to  lay  down  several  distinctions  whi<^  the  present 
state  of  the  science  rendered  necessary. 

Homologues  may  be  either  ^bn^kz/  or  Junctional.  Formal  homo- 
logues  are  those  which  may  be  represented  by  the  same  general 
formula,  but  do  not  by  their  transfermations  afford  any  evidence  of 
similarity  in  their  constitution  :  they  may  be  isomeres,  as  glycocoll 
and  nitrous  ether,  or  the  functional  homologues  of  one  and  the  other 
of  these. 

Functional  homologues  undergo  similar  transformations,  and  afford 
products  themselveiS  homologous ;  e.  g.  the  alcohols  (CHB)nO,  which 
yield  hydrocarbons  (CH2)n  and  acids  (CHs)nO.  They  are  speciai^ 
when,  of  a  series,  one  of  the  products  of  the  decomposition  is  always 
the  same,  while  the  others  are  homologous ;  as,  for  example,  the 
acetic  ethers,  all  of  which  yield  on  the  one  hand  acetic  acid,  and  on 
the  other  homologous  alcohols. 

When  neither  the  one  or  the  other  of  the  factors  is  specifically 
the  same,  but  both  of  the  products  of  one  member  of  the  series  are 
homologues  of  those  of  another  member,  the  homology  is  still  func- 
tional, but  may  be  said  to  be  a  general  functional  homology ;  e.  g. 
the  ethers  of  different  alcohols  with  different  acids  of  the  series 
(CH2)nOs.  General  homologues  always  include  special  homologues. 

Special  functional  homologues  may  be  isomeres,  as  in  ethers  or 
amids  of  bibasic  acids ;  e.  g.  methylic  ether  and  vinic  alcohol,  the 
binamids  of  methamine  with  a  binamid  of  ammonia  and  ethamlne. 

In  order  to  constitute  a  special  homologue,  it  is  further  necessary 
that  the  factor  which  remains  specifically  the  same,  be  the  generic 
or  typical  one ;  for  the  two,  as  will  be  shown,  are  identical. 

In  another  essay,  I  have  shown  that  the  bttly  containing  hydrogen 
replaceable  by  a  metal  (saline  hydrogen)  is  to  be  invariably  received 
as  the  parent  substance  :  hence  water  is  the  type  of  all  acids,  oxyds, 
alcohols,  etc. ;  and  acids  are  at  once  the  generic  type  and  parent  of 
their  derived  ethers,  amids,  etc. 

The  alcohols  differ  from  water  by  (CHg)ni  and  water  is  their 
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functional  homologue.  The  etbere  are  also  special  functional  homo- 
logues  of  their  respective  adds.  When  an  acid  reacts  upon  an  al- 
cohol, water  and  an  ether  are  formed,  in  both  of  which,  as  well  as 
in  the  original  substance,  the  aqueous  type  is  preserved.  Hence,  as 
in  all  double  decompositions,  the  reacting  species  regenerate  them- 
selves generically  :  the  species  change,  but  the  genera  are  preserved. 
Ampere's  theory  of  the  double  decomposition  between  HH  and 
ClCl,  producing  HCl,  HCU  is  one  which  represents  every  case  of 
double  decomposition. 

Mr.  Hunt  deduced  from  this  some  considerations  as  to  the  nature 
of  chemical  activity  and  molecular  forces,  and  then  proceeded  to 
apply  to  the  alcoholic  derivatives  the  principles  above  defined.  He 
entered  at  length  into  the  theory  of  the  formation  of  the  organic  al- 
kaloids, and  of  the  action  of  reducing  agents  upon  nitric  compounds, 
and  explained  the  theory  of  the  formation  of  the  compound  am- 
monias. The  new  alkaloid  of  M.  Hofmann,  containing  the  elements 
of  ammonia  and  4  equivalents  of  alcohol,  was  shown  to  be  hydrated 
oxyd  of  tetraethammonium,  and  to  be  in  effect  a  special  functional 
homologue  of  hydrate  of  potassa  (KH)0,  to  which  its  properties  bear 
a  close  resemblance. 

The  author  terminated  his  memoir  by  a  sketch  of  all  the  different 
genera  of  compounds  which  have  been  derived  from  the  transform- 
ation of  the  alcohols. 


11.    Experiments  on  the  Volatilization  of  Phosphoric  Acib 
IN  Acid  Solutions.     By  Orange  .Tudd,  Yale  Laboratory. 

In  the  American  Journal  of  Science  of  May  last,  Mr.  Bunce  published 
some  experiments,  which  show  that  phosphoric  acid  volatilizes  when 
evaporated  in  an  acid  solution,  and  that  in  some  cases  the  loss  c^ 
PO,  from  this  source  is  very  great. 

In  analysing  the  ash  of  plants,  I  have  attempted  to  avoid  any  loss 
arising  from  this  source,  by  precipitating  the  PO5  before  evaporating 
to  separate  silica ;  and  afterwards  separating  the  silica  carried  down 
with  phosphate  of  iron,  and  subtracting  it  before  calculating  the 
PO5.  This  process,  though  troublesome,  must  be  preferable  where 
there  is  any  liability  to  loss  of  POo  by  evaporating  in  an  acid  solution. 

After  some  experiments  of  this  kind,  I  prepared  an  artificial  ash^ 
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by  thoroughly  miziDg  carbonate  of  potash,  ofalorido  of  potaBsinniy 
phosphate  of  soda,  soda,  lime,  sulphate  of  magpesia,  and  a  fused 
mass  of  silica  and  carbonate  of  soda.  Ten  determinations  of  the 
PO5  in  the  mixture  were  then  carefully  made,  upon  nearly  equal 
quantities.  The  1st,  3d,  5th,  7th  and  9th  trials  were  made  by  evapo* 
rating  first  to  separate  the  silica  (the  3d  and  7th  being  evaporated 
more  rapidly  than  the  others) ;  and  the  2d,  4th,  6th,  8th  and  10th 
determinations  were  made  without  first  separating  the  silica.  The 
results  were  as  follows  : 


SnjCA  rtBsr  separated. 
Percentage  of  POs . 

(1)  17,88 

(8)  17 ,  16 

(6)  17,80 

(7)  17,24 

(9)  17,28 
Mean  17,27. 
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PeraentBge  of  P06  . 

(2)  17,92 

(4)  17,81 

(6)  18,88 

(8)  17,47 

(10)  18,10 

Mean  17,97. 


Differenoe  in  fsyor  of  new  proceefl^  0,70  per  cent 

Several  grammes  of  the  same  mixture  were  then  dissolved  in  HCI 
in  a  glass  retort,  and  distilled  nearly  to  dryness.  The  distillate  gave 
the  reaction  for  PO5  with  molybdate  of  ammonia ;  but  yielded  a 
very  small  precipitate  with  MgO  SOj,  after  standing  24  hours. 

These  experiments,  together  with  those  made  by  Mr.  Bunco,  in* 
dicate  that,  combined  with  some  bases,  this  acid  volatilizes  rapidly, 
while  with  others  it  does  not  volatilize  to  any  great  degree. 

In  ashes  and  soils  similar  in  composition  to  the  above  mixture, 
there  would  be  no  great  loss  in  the  ordinary  evaporation  for  silica  ; 
while  in  those  in  which  soda  predominates,  a  loss  of  at  least  several 
per  cent  of  PO5  would  be  expected,  unless  some  base  were  present 
which  would  fix  the  PO^. 

These  experiments  only  add  to  the  feeling  among  practical  che- 
mists, that  there  is  comparatively  little  dependence  to  be  placed  upon 
the  present  methods  of  determining  this  acid ;  and  it  is  sincerely  to 
be  hoped  that  some  more  satisfactory  method  will  soon  be  discovered 
for  its  isolation  and  determination. 


12.    Note  on  Ammonia  in  the  Atmosphere.    By  Prof  E.  N. 

HoRSFOBD,  of  Cambridge. 

[Not  received.] 
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13.    Analysis  of  thje  Ash  of  a  Cotton  Stalk.    By  Orangb 

JuDD,  Yale  Analytical  Laboratory. 

While  comparing  the  composition  of  the  ash  of  several  agricultural 
products  with  that  of  the  soils  upon  which  they  are  grown,  I  was 
surprised  to  find  an  almost  entire  absence  of  published  analyses  of 
the  ash  of  one  of  the  principal  staple  products  of  our  country,  yiz, 
the  Cotton  Plant. 

I  know  of  no  recorded  analyses  of  the  ash  of  this  plant,  except 
one  of  the  ii?ool  and  another  of  the  seed,  made  by  Prof.  W.Shephkrd, 
and  published  in  the  second  volume  of  the  Patent  Office  Reports  for 
1849  -  50.  Happening  to  have  in  my  possession  a  stalk  of  the  variety 
called  Mexican  Green,  I  made  some  experiments  with  the  ash  in 
June  and  July.  This  stalk  I  pulled  on  the  19th  of  December  last^ 
after  the  close  of  the  "  picking  season,''  from  a  plantation  in  Louis- 
iana opposite  to  Bruinsburg  on  the  Mississippi  river.  The  stalk  was 
of  medium  size,  and  bore  about  450  buds.  The  lower  branches  and 
root  were  not  preserved.  After  several  days  drying  in  the  water  bath, 
three  determinations  of  amount  of  ash  gave, 

Kear  root  Middle.  Seetloii  of  upper  branches. 

8,001  percent  8,002  percent  8,419  percent 

Meftn  percentage  of  aeh,  8 ,  141. 

The  ash  was  freely  soluble  in  HCl ;  and  a  qualitative  analysis  showed 
the  presence  of  K0+CaO+MgO+SiO3+CO,+P0,+SO,+Cl, 
and  the  absence  of  any  trace  of  NaO  or  Fe.  To  avoid  a  possibility 
of  loss  of'  POft  by  evaporation,  at  the  suggestion  of  Prof.  Norton, 
I  first  precipitated  the  PO5  with  oxide  of  iron  and  ammonia,  and 
afterwards  separated  and  subtracted  the  silica  carried  down  with  the 
NH4O  precipitate. 

As  it  has  been  proved  that  under  certain  circumstances  POo 
evaporates  (see  paper  by  Mr.  Bunce  in  American  Journal  of  Science 
of  May  1851),  it  is  probably  best,  generally,  to  adopt  the  above  me- 
thod in  determining  PO5  when  silica  is  present,  until  it  is  satisfacto- 
rily ascertained  under  what  circumstances  PO5  volatilizes,  and  when 
it  does  not 

Two  or  more  determinations  of  each  element  were  made,  with  the 
following  results  : 
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I. 

Potwh 2S,46 

Lime 19,92 

MagDesia   S,07 

Chlorine 0,67 

Phosphoric  acid,    28 ,  89 
Sulphuric  acid  . .     2,79 

Silica...... 2,49 

Carbonic  acid ...  18,98 
Charcoal  and  Band,  3,71 


IL 

lU. 

MeuL 

24,72 

24,09 

19,72 

19,88 

8,01 

8,04 

0,49 

0,63 

27,98 

28,44 

2,89 

2,96 

2,88 

2,80 

2,68 

2,64 

14,66 

•  •  •  • 

14,82 

8,70 

8,89 

8,76 

99.52 


Rejecting  the  charcoal,  sand  and  carbonic  acid,  and  calculating  upon 
100  parts,  we  have 

Potash 29,68 

Lime , ...  24,84 

Magnesia   8,73 

Chlorine 0, 65 

Phosphoric  acid  .  34,92 

Sulphuric  acid  . .  3,64 

Silica 8,24 


100,00 

The  easy  fusibility  of  the  ash  prevented  a  more  complete  aeparation 
of  charcoal  and  sand.  All  error  from  this  source,  however,  was  avoided 
by  thoroughly  mixing  and  grinding  the  whole  ash  together  in  a 
mortar. 

The  above  analysis  of  one  plant,  from  a  single  locality,  can  only 
give  an  approximate  view  of  the  characteristic  composition  of  the 
ash  of  this  important  staple  product.  A  complete  determination  will 
require  a  large  number  of  experiments  upon  the  different  varieties, 
from  several  localities ;  as  well  as  separate  experiments  upon  the 
stalk,  leaves,  seed  and  wool,  and  at  different  periods  of  growth. 


14.   Analysis  of  the  BRAirr  of  the  Ox.    By  Dr.  D.  Brbeih  of 

New- York. 

Water  in  the  cerebrum. ...  78,70 
Water  in  the  cerebellum  . .  78,86 
Afth  in  fresh  substance  ....  1 ,44 
Ash  m  dry  substance 6,88 
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FyrophoBphate  of  potasaa  .  4d,14 

—  of  soda....   20,82 

—  of  lime... .     6,69 
— *  of  magnesia,    2,61 

—  of  iron  ....     0,61 

Chloride  of  sodium 5 ,  86 

Free  phosphoric  acid 14, 98 

Silicic  acid 0 ,  84 

Sulphur a  trace 

99,05 
The  preceding  results  are  from  a  brain  burned  without  adding 
any  substance ;  but  a  second  brain  was  burned  after  being  rubbed 
to  an  emulsion  with  baryta  (BaO),  yet  the  latter  gave  no  more  phos- 
phoric acid  than  the  former.  In  the  last  combustions  of  brain,  lime 
has  been  used  with  most  gratifying  success;  but  there  is  doubt 
whether  any  base  is  necessarily  added,  except  to  keep  the  ash  from 
fusing  into  a  mass. 


15.    Analtbis  of  the  CucnMBCR  (Cucumu  sativusj.    By  J.  H. 

Salisbury,  M.  D.,  of  Albany. 

Two  varieties  only  were  examined  :  the  Early  Long  Prickly^  and 
the  White  Spine.  They  were  in  a  fit  condition  for  table  use.  Length 
of  the  fruit  of  the  Early  Long  Prickly,  6 J  inches ;  diameter,  1  j 
inches.  Length  of  the  fruit  of  the  White  Spine,  5  inches ;  diameter, 
1^  inches. 

PKKOENTAaB  OF  WATEB,   DBT  KATIBB,  AND  ASH  OF  FKUIT. 

Long  Prickly.     White  Spine. 

Water 96,864  96,605 

Dry  matter 8,636  8,895 

Aflh 0,862  0,882 

Aflh  in  dry  matter,  9 ,  965  11, 252 

In  the  fruit  of  this  plant,  we  see  a  remarkable  instance  of  the 
extent  to  which  water  may  exist  in  a  vegetable  :  but  about  3^  lbs« 
of  dry  matter  is  contained  in  100  lbs.  of  the  fresh  fruit.  One  ton 
would  contain  but  about  70  lbs.  of  dry  matter  :  hence  one  ton  of 
fresh  cucumber  fruit  has  less  dry  matter  than  1^  bushels  of  wheats 
One  ton  of  the  fruit  of  the  Long  Prickly  contains  of  inorganic  mat* 
ter,  7,24  lbs. ;  one  ton  of  the  White  Spine,  7,44  lbs.  27624  lbs.  of 
the  fresh  fruit  of  the  Long  Prickly  variety,  and  26178  lbs.  of  the  fresh 
fruit  of  the  White  Spine  variety,  give  each  100  lbs.  of  inorganic 
matter.  These  100  lbs.  of  inorganic  matter,  in  each  case,  are  c(m- 
Btituted  as  follows  : 
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100  lbs.  Mm  OF 
LongPrioUy;   White  Bpine. 

CarboBic  acid   18,25  13,26 

Silicic  acid 0,70  0,80 

Phosphoric  acid 18 ,  90  17 ,  26 

'  Phosphate  of  iron  ...  S ,  10  2 ,  74 

lime 4,80  4,40 

Magnesia   0,20  0,84 

Potash 28,20  28,80 

Soda 88,76  88,86 

Chlorine 1,10  1,46 

Sulphuric  acid 0, 90  1 ,40 

Organic  matter trace  trace 

99,40  98,42 

The  inorganic  matter,  as  is  seen,  is  composed  mostly  of  phosphoric 
acid,  potash  and  soda  :  tbis  would  indicate  that  ashes,  bones,  and 
common  salt  would  be,  properly  combined,  an  excellent  inorganic 
food  for  them. 

PBOZIMATE  OBOAyiO  AKALTSIB. 

100  Ibe.  of  Long  Priekly.  100  Ibt.  of  White  SptnoL 

YrMh  firait.  T>tj  TniiL  FrMli  flruiL  D17  frniL 

Albumen   0,866 

Casein, 0,040 

Dextrine 0,854 

Sugar  and  extract^  2,826 

Starch 0,002 

Chlorophyll 0,006 

Fat^  wax  and  resin,  0,081 

Fibre 0,961 


7,778 

0,847 

7,699 

0,872 

0,062 

1,857 

7,786 

0,264 

6,894 

67,766 

8,036 

0,066 

0,044 

0,003 

66,624 

0,182 

0,006 

0,108 

0,682 

0,029 

0,629 

21,000 

0,826 

17,924 

Dry  matter 4,676        100,000  4,672        100,000 

Water 95,854  96,849 


99,980  99,921 

Besides  the  above  bodies,  the  cucumber  contains  a  small  quantity  of 
malic  acid,  and  a  still  smaller  percentage  of  citric. 

One  ton  of  the  fresh  fruit  of  the  Long  Prickly  variety  contains  of 
sugar,  56,52  lbs. ;  of  albumen  and  casein,  7,8  lbs. ;  of  dextrine  and 
starch,  7,12  lbs.  One  ton  of  the  fresh  fruit  of  the  White  Spine  va- 
riety contains  of  albumen  and  casein,  8,18  lbs. ;  of  dextrine  and 
starch,  5,34  lbs. ;  of  sugar,  60,72  lbs.  By  far  the  greater  pordon  off 
the  dry  matter  of  the  cucumber  is  sugar. 

ULTDUTB  OBGANIO  ANALTSXg  OF  VSOTr. 

Long  Pric^.  White  Spine^ 

Nitrogen  ....     1 ,236  1 ,801 

Oxygen 41,806  41,882 

Carbon 40,984  40,467 

Hydrogen  ...     6 ,  870  6 ,  728 
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16.  On  Phosphoric  Acid  in  Normal  Human  Urine.    By  Dr. 

D.  Breed,  of  New- York. 

Notwithstanding  the  importance  of  all  knowledge  appertaining  to 
physiology  and  pathology,  neither  chemist  nor  physician  has  hereto- 
fore made  any  considerable  research  in  relation  to  phosphoric  acid 
in  urine ;  but  the  accurate  and  expeditious  method  for  the  determi- 
nation o£  phosphoric  acid  proposed  by  Prof.  Liebig,  forbids  our 
remaining  longer  in  ignorance  of  facts  which  may  be  of  great  value 
in  the  treatment  of  disease.  This  method  consists  simply  of  the  tri- 
turation of  urine  with  a  solution  of  the  perchloride  of  iron,  until  the 
filtrate  from  the  mixture  gives  the  well  known  blue  reaction  with 
ferrocyanide  of  potassium.  It  is  based  upon  the  fact  that  either  a 
neutral  or  acetic  acid  solution  of  phosphoric  acid  gives  with  per- 
chloride of  iron  an  insoluble  precipitate,  whilst  the  peroxide  of  iron 
is  readily  dissolved  by  acetic  acid.  If  a  solution  of  phosphoric  acid, 
containing  acetate  of  soda,  be  treated  with  perchloride  of  iron,  we 
have  the  following  reaction  : 

PO5  +  3(NbO  A)  +  Pe,  CI,  =  Fe,  O,  PO.  +  3(NaCl)  +  3A. 

The  solution  of  perchloride  of  iron  is  most  conveniently  made  by 
dissolving  in  nitro-hydrochloric  acid  15656  grammes  of  iron,  and 
evaporating  to  dryness  to  expel  the  excess  of  acid ;  then  adding 
nitric  acid,  and  again  evaporating  to  prevent  the  existence  of  proto- 
chloride,  and  afterwards  redissolving  the  product  in  2000  cc.  of 
water.  Every  cc.  of  this  solution  will  precipitate  ten  milligrammes 
of  phosphoric  acid. 

Instead  of  the  above,  a  solution  of  the  perchloride  of  iron  of  un- 
known strength  may  be  used,  and  the  iron  be  determined ;  or  the 
strength  of  the  solution  of  iron  may  be  found  by  trituration  with  a 
solution  of  phosphoric  acid  of  known  strength.  In  all  the  above  me- 
thods, the  solution  of  iron  must  be  free  from  protochloride. 

If  the  urine  of  which  we  would  determine  the  phosphoric  acid 
has  become  alkaline  by  the  decomposition  of  urea,  some  of  the 
phosphoiic  acid  may  have  been  precipitated  with  lime  or  magnesia* 
and  it  may  be  necessary  to  dissolve  the  precipitate  by  a  few  drops 
of  hydrochloric  acid.  The  urine  is  measured,  and  shaken  well  :  with 
a  pipet,  100  cc.  or  more  are  drawn  off  into  a  beaker  glass  ;  acetate 
of  soda  (much,  if  hydrochloric  acid  has  been  used)  and  free  acetic 
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acid  are  added*  The  urine  is  then  treated  vnth  a  solution  of  per- 
cUoride  of  iron  from  a  burette  ;  frequently  testing,  until  the  phoe- 
phoric  acid  is  saturated,  and  we  have  a  drop  of  iron  in  excess.  To 
test  for  iron  in  excess,  lay  a  filter  on  a  white  porcelain  plate,  or  on 
a  glass  supported  by  white  paper,  and  moisten  it  slightly  with  ferro- 
cyanide  of  potassium  :  with  a  glass  rod  bearing  a  drop  of  urine, 
press  a  double  filter  upon  the  paper  containing  the  ferrocyanide  of 
potassium ;  and  if  there  be  an  excess  of  iron,  in  three  or  four  seconds 
we  have  the  blue  reaction.  Noting  the  quantity  of  the  solution  of 
perchloride  of  iron  used,  we  proceed  in  like  manner  with  two  other 
portions  of  urine  :  if  the  results  agree,  we  then  calculate  the  amount 
of  the  solution  of  iron  required  for  all  the  urine,  from  what  was 
found  necessary  in  100  cc. ;  and  multiplying  the  number  of  cc.  re- 
quired in  all  by  the  amount  of  phosphoric  acid  known  to  correspond 
to  one  cc.  of  the  iron,  we  have  the  amount  of  phosphoric  acid  in  the 
whole  urine.  By  this  method,  a  physician  who  has  but  little  leisure 
may  make  each  day  many  determinations  of  phosphoric  acid. 

The  amount  of  phosphoric  acid  from  an  individual  in  health,  and 
partaking  of  a  uniform  diet,  is  nearly  uniform  ;  but  experiments  now 
being  made  show  that  diet,  disease,  and  medicines  vary  the  amount 
of  phosphoric  acid  from  the  normal  standard. 

These  considerations,  whilst  they  show  the  necessity  of  a  more 
extensive  and  varied  course  of  experiments,  indicate  that  farther  re- 
search may  lead  to  discoveries  in  regard  to  the  constituents  of  urine, 
which  may  be  of  the  highest  importance  in  therapeutics.  Prout, 
Bright,  and  others  have  but  opened  a  field  of  labor  and  discovery, 
upon  which  the  chemist  is  now  earnestly  called  to  enter.  Numerous 
statistics  in  regard  to  normal  urine  from  individuals  of  dififerent 
temperaments  and  modes  of  living,  are  first  necessary. 

Pathologists  must  critically  observe  the  effects  of  various  maladies 
upon  the  urine*  ;  and  then  we  shall  have  data  whence  to  reason,  and 
possibly  to  discover,  not  only  the  causes  and  cure  of  calculus  without 
the  use  of  the  surgeon's  knife,  but  light  also  may  be  thrown  upon 
the  treatment  of  many  other  diseases  which  now  bafHe  the  skill  of 
the  physician. 

■  HI.  .  I  ■■■  ■■  I  I  II  I     »  11  I 

*  Dr.  Bbeep  has  discoyered  phosphoric  acid  in  a  fluid  which  ProC  Yogel  of 
Giessen  obtained  by  the  operation  of  paracentesis  abdominis.  From  8105  cc.  of 
the  fluid,  4,648  grammes  of  phosphoric  acid  were  procured.  In  the  urine  of  this 
patient  during  twenty-four  hours,  only  1 , 2  grammes  of  phosphoric  acid  were 
found. 
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Determmaticn  of  Phosphoric  Acid  m  Urine, 

The  following  results  were  obtained  from  the  urine  of  four  per- 
sons «-  mostly  from  that  of  one  : 


Urine  of  M  honn. 

Pho«phorie  add. 

Urine  of  24  hoan. 

Phcipboric  add. 

1645 

cc 

2,118 

grammea 

1607 

cc 

9,831 

grammes 

1150 

u 

2,909 

2075 

tt 

4,336 

1690 

tt 

3,454 

1203 

It 

2,719 

1675 

11 

2,611 

tt       ^ 

1640 

tt 

2,837 

1462 

{< 

8,647 

2655 

tt 

6,051 

1462 

u 

8,647 

1777 

It 

8,126 

•1707 

u 

8,744 

2058 

tt 

3,888 

•1707 

l< 

8,744 

1768 

tt 

8,407 

♦1701 

tt 

6,447 

985 

tt 

3,384 

•1701 

tt 

6,447 

1561 

tt 

8,941 

•1380 

tt 

2,862 

1916 

tt 

4,946 

•1880 

tt 

2,862 

740 

tt 

2,528 

«« 

c 


Ayxbaob.  lOOOcc  gives  2,317  grammes  pkoBphoric  acid ;  24  hours  gives  1610  m 
urine,  and  8,782  grammes  phosphoric  acid. 


RuidtM  from  a  perwn  10AO  drank  an  except  of  three  pintt  of  water  dailtf. 


Urine  of  84  hoorB. 
2470  CO 
2407 
1548 
1919 

AvKRAGi.  In  1000  cc  urine,  2,027  grammes  phosphoric  acid ; 

in  24  hourSk  2086  cc  mine  and  4,228  grammes  phosphoric  acid. 


tt 
tt 
11 


Pbosphorlc  acid. 

4,288  grammes. 

4,274 

4,006 

4,344 


i( 


ti 


II 


Retults  from  a  per  eon  who  drank  but  half  his  usual  amount  of  fluid 


Urine  of  24  lioius. 

787  cc 
1220 
950 
997 

AvsRAGi.  In  1000  cc  of  urine,  4^062  grammes  phosphoric  acid ; 

in  24  hours,  988  cc  urine,  4^015  grammes  phosphoric  acid. 


tt 
tt 
tt 


Phoepbwic  add. 

8,807  grammes. 

4,218 

8,904 

4,188 


li 
II 

i< 


•  Average  of  two  days. 
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Re9ult$  from  tintM  secreted  during  0u  waking  hours,  and  during  thoee  of  sleep. 


HIOOT. 


Urine. 

Phoepborioaeld. 

TTrinQ. 

Phosphoric  add. 

627  cc 

1,472 

grammes. 

540  cc 

1,033 

grammBi. 

627    " 

1,472 

u 

360    « 

1,268 

650    " 

1,169 

11 

450    " 

1,223 

650    " 

1,169 

(1 

826    " 

0,634 

671    " 

2,385 

« 

325    " 

0,634 

671    " 

2,385 

IC 

462    " 

0,927 

635    " 

0,999 

tt 

186    " 

0,628 

635    " 

0,999 

II 

415    " 

1,364 

M 

980    " 

1,611 

u 

Atebagk  In  1000  cc  urine,  2,284  grammes  phosphoric  acid ; 

in  24  hoorS)  1854  cc  urine  and  4,234  grammes  phosphoric  aeidL 


DAT. 


Urine. 

Phoephorio  add. 

TTrineb 

Phoq>horie  add. 

835  cc 

2,174  grammes. 

1078  cc 

2,277  grammes. 

885    " 

2,174     " 

1236    " 

2,874     " 

1057    " 

2,575     " 

625    " 

2,127     " 

1058    " 

2,576     " 

765    " 

2,367     " 

1030    " 

4,061     " 

1108    " 

2,718     ** 

1080    " 

4,062     " 

1454    " 

4,019     *' 

746    " 

1,904     " 

555    " 

1,796     " 

745    " 

1,904     " 

AvsaAOE.  In  1000  oc  urine,  2,763  grammes  phosphoric  acid ; 

in  24  hours,  1748  cc  urine  and  4,831  granmies  phosphoric  acid. 


Bestdts  from  a  person  who  drank  an  excess  of  water. 


MMHI!. 


Urine. 

Phosphoric  add. 

1060  cc 

1,851  grammes. 

910    " 

1,496     " 

230    " 

0,827     " 

436    " 

0,984     " 

AvKRAOK  In  1000  cc  urine,  1,755  grammes  phosphoric  acid. 


DAT. 


Urine. 

Phosphori( 

>add. 

1420 

cc 

2,986  grammes. 

1497 

II 

2,781 

K 

1818 

II 

8,179 

II 

1484 

II 

8,410 

<l 

Atssagk    In  1000  cc  urine,  2, 180  grammes  pho^oric  add. 
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JRutUti  from  a  penon  ufho  drank  very  lUtU. 


in«in. 

[Jrine. 

PboBpborlc  add. 

246  oc 
877    « 

1,182  grammes. 
1,649     " 

485    " 

0,983     " 

882    " 

1,616     " 

AirsEAGi.  In  1000  cc  of  urine,  8,697  grammes  phosphoric  acid. 


i 


A 


X>AT. 

Urineb  Phosphoric  add. 

642  00  2,764  grammes. 

843    "  2,668     " 

616    "  2,617     " 

In  1000  nrine,  8,^79  gn^mmes  phosphoric  acid. 


RuniU  from  urinte  teereUd  before  and  after  dinner,  exelueive  of  the  hourt  of  deep, 

BBPOBX  DimnBB. 

Phosphoric  add. 

0,995  grammes. 

0,995 

1,877 

1,610 

1,415 

1,695 

Atibagk.  In  1000  cc  nrine,  2,289  grammes  phosphoric  acid ; 

in  24  hours,  1418  cc  urine  and  8,177  grammes  phosphoric  acid. 


Urine. 

860 

cc 

860 

ii 

815 

<l 

919 

<i 

405 

I* 

585 

it 

u 
« 
II 

41 


Urine. 

Fhosphorio  add. 

803  cc 

1,485  grammes. 

612    " 

1,610     " 

618    " 

1,510     " 

962    " 

1,845     " 

245    « 

0,722     " 

AFna  nnnfSB. 
Phosphoric  add.  Urine. 

0 ,  908  grammes.  1 80  .  cc 

0,908     "  800 

0,901     "  492 

0,863     "  810 
0,712     " 

Aykbage.  In  1000  cc  urine,  8,745  grammes  phosphoric  acid ; 

in  24  hourS)  1120  cc  urine  and  4,881  grammes  phosphoric  acid. 


Urine. 

260  cc 

260 

263 

217 

220 


Phosphoric  add. 

0,772  grammes. 

1,233 

2,174 

1,274 


II 

IC 

II 


Rendts  from  a  person  who  drank  an  excess  of  water* 


BKPOiOl  DimntK. 

Urine. 

Phosphoric  add. 

960  00 

1,447  grammes. 

1212    " 

1,826     " 

868    " 

1,164    " 

1004    ** 

1,788    ** 

Aywbaqz.  In  1000  cc  nrine,  1,748  grammes  phosphoric  add. 
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AFTEt  TtanttMrn 


Urine. 

Phosphoric  acid. 

460 

cc 

1.490 

gpammet. 

280 

(« 

0,955 

u 

956 

M 

2,011 

(( 

480 

<< 

1,678 

it 

AvxRAOK.  In  1000  CO  urine,  2,820  grammes  phosphoric  acid. 


RuulU  from  a  perwn  toko  drank  very  little. 

BKroBX  vimm. 
Urine.  Phoephorio  aeid. 

860  cc  1,627  grammeSb 

620    "  1,751     " 

560    "  1,473     " 

280    "  0,891     " 

AvKRAOK.  In  1000  ec  of  urine,  2,344  grammes  phosphoric  acid. 


AFTKR  mstnwL 
Urine.  Phospborie  acid. 

1 82  CO  1 ,  047  grammes. 

223    *'  0,916     " 

886    "  1,725     " 

AvERAGK  In  1000  cc  mine,  4,541  grammes  phosphoric  acid. 


17.  On  the  Existence  of  Organic  Matter  in  Stalactites  and 
Stalagmites,  forming  Crystallized  and  Amorphous  Crenate 
OF  Lime.     By  David  A.  Wells,  of  Cambridge. 

In  the  eighth  chapter  of  Liebig's  Agricultural  Chemistry,  edited  by 
Playfair,  we  have  given  the  result  of  some  examinations  of  stalac- 
tites from  caverns  in  Germany,  and  ffom  the  vaults  of  old  castles 
upon  the  Rhine,  made  with  the  view  of  ascertaining  the  fact  of  the 
presence  or  absence  of  organic  matter  in  these  bodies,  either  com- 
bined or  uncombined.  The  result  may  be  stated  in  the  words  of  the 
author,  Prof.  Liebio  : 

The  stalactites  from  the  caverns  **  contain  no  trace  of  vegetable 
matter,  and  no  humic  acid,  and  may  be  heated  to  redness  without 
becoming  black."  In  the  stalactites  from  the  vaults  and  cellars  of  old 
castles,  he  says,  '^  we  could  not  detect  the  smallest  traces"  of  humic 
acid.  '*  There  could  scarcely  be  found  a  more  clear  and  convincing 
proof  of  the  absence  of  the  humic  acid  of  chemists  in  common 
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vegetable  mould."  Under  the  term  humic  acid,  Prof.  Liebig  un- 
doubtedly means, to  include  all  those  organic  acids  arising  from  the 
decomposition  of  vegetable  matter,  and  which  have  received  the 
names  of  crenicj  apocrenic,  geic,  and  kumic  acids. 

Having  been  informed  by  Dr.  A.  A.  Hayes,  of  Boston,  that  he 
had  in  numerous  examinations  arrived  at  results  directly  opposed  to 
those  of  Prof.  Liebig,  I  was  induced,  at  his  suggestion,  to  make  an 
examination  of  a  large  number  of  stalactites  and  stalagmites,  ob- 
tained from  various  localities,  with  reference  solely  to  the  presence 
or  absence  of  organic  matter  in  these  bodies.  The  specimens  exa- 
mined were  all  from  caverns  or  rock  formations,  and  were  obtained 
from  various  parts  of  the  United  States ;  from  Trieste,  Austria ; 
from  Malta,  and  the  Sandwich  Islands.  In  color  they  varied  from  an 
almost  pure  white,  to  red,  yellow,  and  brown  of  different  shades ; 
and  in  crystalline  character,  from  a  structure  resembling  arragonite, 
to  those  entirely  wanting  in  symmetrical  arrangement,  or  mere  in- 
crustations. The  specimens  were  dissolved  in  dilute  hydrochloric 
acid ;  the  flocculent  matter  separated,  collected  and  washed ;  boiled 
with  caustic  potassa,  carbonate  of  ammonia  or  carbonate  of  soda, 
and  then  tested  in  the  usual  way  for  crenic  and  apocrenic  acids  by 
acetate  of  copper  and  carbonate  of  ammonia.  In  all  the  varieties^ 
with  one  exception,  abundant  flocculent  organic  matter  was  sepa- 
rated, which,  on  testing,  gave  evidence  of  crenic  acid  in  considerable 
quantities,  with  doubtful  traces  of  apocrenic  acid.  The  exception 
alluded  to  was  the  specimen  examined  from  Trieste,  which  did  not 
afford  any  appreciable  flocculent  matter  on  dissolving  acid.  The 
greatest  quantity  of  organic  matter  was  found  in  stalactites  of  a  deep 
yellow  color,  highly  crystalline  and  uniform  in  character  :  the  por- 
tions examined  were  perfectly  homogeneous,  and  free  from  layers  or 
intervening  bands  indicating  different  periods  or  changes  in  deposi- 
tion. As  the  presence  of  iron  could  not  be  detected  in  the  acid  solu- 
tion, it  is  inferred  that  the  color  of  these  yellow  stalactites  may  be 
owing  in  great  part  to  combined  organic  matter,  existing  as  crenate 
of  lime.  In  specimens  like  the  spar  ornaments  from  the  Rock  of 
Gibraltar,  with  which  all  are  familiar,  the  coloring  matter  and  deli- 
cate shading  are  also  probably  due  to  organic  matter.  Dr.  Hayes 
informs  me  that  he  has  also  found  organic  matter  in  arragonite,  in 
Bofficient  quantity  to  separate  in  flakes  while  the  specimen  was  dis- 
solving in  acid. 

From  these  statements,  it  must,  I  think,  be  inferred,  contrary  to 
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the  vie^^  of  Liebig,  that  organic  matter  does  exist  in  stalactites 
generally,  aa  an  acid  combined  with  the  lime,  and  imparting  to  ihena 
their  various  colors.  I  would  by  no  means  call  in  question  the  8e> 
curacy  of  Prof.  Liebig's  experiments,  further  than  that  as  £ur  as  ukj 
observations  extend,  crenic  acid  in  the  presence  of  lime,  and  com- 
bined with  it,  passes,  like  oxalates,  upon  heating,  into  carbonates, 
without  perceptible  blackening. 

It  may  here  be  added,  that  Prof.  Johnson,  of  England,  describes 
a  compound  of  alumina  and  crenic  acid  occurring  in  caves  of  granite 
on  the  coast  of  Comwal.  This  mineral  has  received  the  name  of 
pigotitCf  and  b  observed  in  places  where  the  surface  water  trickles 
down  over  the  granitic  rocks.  From  this  it  may  not  be  inappropriate 
to  apply  the  term  crenite,  to  those  lime  formations  in  which  crenic 
acid  occurs  in  considerable  quantities. 

Results  similai*  to  those  announced  above,  have  been  obtained  by 
Dr.  C.  T*  Jackson,  as  well  as  Dr.  Hat^s  of  Boston.  Dr.  J.  Law- 
KBNCB  Smith  informs  me  that  he  has  frequently  met  with  crenic  acid 
in  cc^lcareous  concretions  from  Asia  Minor,  and  its  existence  in  sta- 
lactites was  also  announced  some  years  since  by  Dr.  Emmons  of 
Albany.  My  results,  therefore,  can  be  considered  as  verifications  only 
of  those  obtained  by  others. 


11.   MINEBAIiOOY. 
18.  .  Notice  of  Skveral  American  Minerals.    By  Professor  C. 

U.  SUEPARD. 

1.  Nickdiferous  Iron  Pyrites,  Jrom  Kearney  Ore  Bed,  Grouvememr^ 

St,  Latorence  County,  N,  Y, 

A  specimen  of  this  ore  was  lately  sent  to  me  by  Mr.  Vaill*  of 
Litchfield  (Connecticut),  with  an  inquiry  as  to  its  character.  It  i$  in 
boti^oidal  concretions,  resembling  sphaerosideiite  in  size  and  shape, 
but  possessing  a  more  distinctly  marked  radiating  and  fibrous  stmo- 
tare.  A  fresh  fracture  exhibits  a  pale  bronze^like  color,  and  the 
usual  lustre  of  iron  pyrites. 
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Hardness  =  5,5.    Sp.  gr.  =s  4,863« 

"When  heated  before  the  blowpipe,  it  ^decrepitates  violendy ;  but 
if  first  beated  ia  a  glass  tube,  the  little  fragments  will  afterwards 
remaiu  upon  the  charcoal  support,  and  fuse  together  into  a  hollow 
black  globule,  which  is  strongly  magnetic.  It  is  not  readily  attacked 
by  either  hydrochloric  or  nitric  acid  separately,  but  slowly  yields  in 
a  mixture  of  the  two.  After  precipitation  by  ammonia,  a  pale  blue 
ammomacal  solution  of  oxide  of  nickel  appeal's ;  but  having  made 
several  trials  on  similar  weights  of  the  mineral,  I  satisfied  myself 
that  the  propoition  of  nickel  varied  in  different  portions  of  the  py- 
rites, and  that  in  each  case  it  was  much  below  that  found  by  Scheerer 
in  his  Eisennickelkies  from  Norway  (See  Fogg.  B.  Iviii,  s.  30, 1843). 
Its  occurrence,  however,  seems  to  me  interesting  from  the  presence 
of  millerite  at  the  same  locality*  ;  besides  which,  the  association  of 
nickel  with  iron  ores  assumes  an  additional  importance,  from  the  &ct 
of  their  almost  constant  connexion  in  meteorites.  Other  ores  of  nickel 
will  probably  reward  a  scientific  examination  of  the  Antwerp  and 
Rossie  iron  ores. 

2.  headhUlite  from  Newberry  District,  S.  C. 

1  am  indebted  fi>r  a  knowledge  of  the  existence  of  this  species  of 
lead  ore  in  South-Carolina  to  Prof.  Home,  of  Charleston,  to  whom 
it  was  sent  along  with  a  variety  of  minerals  for  examination.  It  is 
well  crystallized  in  apparently  regular  hexagonal  prisms,  and  six- 
sided,  very  acute  pyramids.  Color  pale  greenish  or  yellowish  white. 
When  reduced  to  powder,  it  is  rapidly  dissolved  in  nitric  acid  wilb 
efiervescence,  except  about  ^th  its  weight  of  sulphate  of  lead,  which 
10  left  unattacked  by  the  acid.  Judging  from  the  character  of  the 
specimens  sent,  this  rare  mineral  must  be  abundant  at  the  locality. 

3.  Large  Crystal  of  Native  Gold  from  Calfomia* 

To  the  above  mentioned  gentleman  (who  is  the  Slate  Assayer),  I 
am  also  indebted  for  the  largest  crystal  of  native  gold  I  have  ever 
seen,  the  interest  of  which  is  likewise  enhanced  by  its  presenting  a 
form  not  hitherto  observed  among  the  secondaries  of  the  species.  It 
measures  }ths  of  an  inch  in  diameter  (weighs  121,1  grs.),  and  has 
the  shape  of  the  pentagonal  dodecahedron.  Notwithstanding  it  has 

*  A  greenish  grey  kaolin,  resembling  in  color  pimelite  in  a  slight  degree,  occurs 
with  the  millerite. 
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formed  a  loose  mass  in  the  diluvium  of  tbe  gold  region,  and  been 
subjected  to  considerable  friction,  it  still  presents  distinct  traces  of 
tbe  raised  edges  so  characteristic  of  the  native  gold  crystals  of  Ca- 
lifornia, and  which  militates  against  the  idea  that  these  forms  were 
produced  in  moulds  left  vacant  from  the  decomposition  of  iron 
pyrites. 

4.  Large  Crystal  of  Quartz  found  at  Waferhuri/,  Vt. 

For  a  knowledge  of  this  gigantic  crystal,  I  am  indebted  to  Mr.  M. 
M.  Carleton,  a.  B.,  lately  a  student  in  Amherst  College.  It  was 
found  as  a  boulder  in  the  field,  and,  from  the  marks  upon  it,  seems 
to  have  suffered  from  the  action  of  drift.  Its  present  weight  is  175 
pounds.  It  is  a  regular  six-sided  prism,  rather  more  than  two  feet  in 
length ;  one  end  having  been  broken  off,  and  from  it  rather  more 
than  half  a  bushel  of  fragments  detached  by  the  curious  who  have 
inspected  it  :  its  original  weight,  therefore,  must  have  been  at  least 
200  lbs/ The  width  of  two  of  its  opposite  broadest  lateral  planes  is 
14  inches;  that  of  the  others,  from  8  to  9.  Two  of  its  pyramidal 
planes  are  still  preserved.  The  crystal  is  said  to  be  quite  clear  in 
the  interior. 


19.    On  Chalcodite,  a  new  Mineral  Species.    By  Professor  C. 

U.  Shepard. 

Primary  Forh.    Rhomboid  :  dimensions  unknown. 

Compound  varieties.  In  globules  and  stellular  groups.  Com- 
position columnar ;  the  individuals  flat,  and  slightly  coherent.  Sur- 
face of  the  globules  drusy  in  those  of  the  largest  size ;  rarely  seen 
to  be  made  up  from  the  crossing  of  lenticular  crystals,  as  in  certain 
varieties  of  specular  iron  (with  which  species,  under  this  form*  tbe 
chalcodite  is  sometimes  associated).  It  also  occurs  massive,  in  minute 
thin  flakes,  or  finely  granular,  in  the  form  of  coatings,  disseminated 
through  specular  iron,  quartz  and  calcite. 

Cleavage.  The  columnar  individuals  possess  one  very  distinct 
cleavage,  upon  which  the  lustre  is  pearly  to  semi-metallic. 

Color  dark  blackish  green  (the  globular  concretions  velvety), 
when  imbedded  in  calcite ;  but  some  shade  of  brown,  usually  cop* 
pery  or  bronze,  when  on  quartz  and  specular  iron.  The  prevailing 
aspect  is  that  of  mosaic  gold.  Streak  corresponding  to  the  color, 
though  jialer  :  translucent 
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Sectile ;  the  laminae  very  flexible.    Hardness  =  1,0. 

Heated  before  the  blowpipe  in  a  closed  tube,  it  emits  water 
plentifully,  and  the  darker  colored  varieties  change  slightly  to  brown. 
Ou  charcoal,  it  fuses  into  a  black  glass,  which  is  magnetic.  It  dis- 
appears with  rapid  eflfervescenoe  in  horax^  aflbrding  a  glass  deeply 
stained  with  iron.  ' 

The  mineral  is  not  acted  upon  sensibly  by  cold  acids ;  but  dis* 
solves  easily  in  hot  hydrochloric  acid,  with  separation  of  silica. 
Ammonia  produces  a  precipitate  chiefly  of  protoxide  of  iron  ;  but 
after  treatment  with  nitric  acid«  the  same  precipitant  yields  sesqui- 
oxide  of  iron  ;  and  the  liquid,  being  cleaned,  gives  traces  of  lime, 
with  a  decided  precipitate  of  magnesia,  on  the  addition  of  the  usual 
tests  for  these  earths.  It  was  not  convenient  to  examine  the  precipi- 
tate by  ammonia,  for  alumina ;  but  presuming  upon  its  absence,  from 
the  easy  decomposition  of  the  mineral  by  hydrochloric  acid,  the 
mineral  will  most  probably  pi*ove  on  analysis  to  be  a  hydrated  sili- 
cate of  protoxide  of  iron  ( possibly  mixed  with  the  peroxide  in  the 
brown  colored  variety)  and  magnesia. 

In  natural  history  properties,  the  species  will  stand  near  to  talc ; 
from  which,  however,  many  of  the  foregoing  properties  tend  to 
separate  it,  and  from  which  it  will  doubtless  be  seen  to  diverge  still 
further,  when  enough  of  it  can  be  had  to  allow  of  the  correct  de- 
termination of  its  specific  gravity. 

It  is  named  chalcodite^  from  x*^^^^f  (l*^®  brass),  from  its  pre- 
vailing pyritic  or  bronze-like  color  and  lustre. 

This  mineral  was  made  known  during  the  geological  survey  of  the 
State  of  New- York,  and  was  referred  to  cacozene  by  Dr.  Lewis  C. 
Beck  in  the  notice  of  the  geological  survey  of  the  State  of  New- 
York  presented  to  the  legislature  January  24th,  1840*,  and  more 
particularly  described  by  the  same  writer  in  his  extended  report  on 
the  mineralogy  of  the  State,  1842,  p.  402,  where  it  is  mentioned  as 
occurring  •'  in  minute  radiated  tufts  which  somewhat  resemble  iron 
pyrites,  the  lustre  of  the  blades  being  silky  or  approaching  to  me- 
tallic;" although  it  is  possible  the  chalcodite  is  here  confounded 
with  the  millerite,  which  is  also  found  at  the  same  locality. 

It  occurs  at  the  Sterling  iron  mine  in  the  town  of  Antwerp,  Jef- 
ferson county,  accompanying  specular  iron  ore. 


*  American  Journal  of  Science,  VoL  zl,  p.  7C 
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20.    On  the  Triplite  (Alluandite^  )  of  Norwich,  Mass.     By 

Prof.  C.  U.  Shepard. 

4 

In  a  paper  by  Prof.  Dai^  (American  Journal  of  Science,  Vol.  xi» 
new  series,  p.  100),  on  the  crystalline  form  of  this  ambiguous  mi- 
neral (of  which  he  observes  "  many  mor^  crystals  must  be  examined, 
before  their  character  is  fully  understood  "),  he  considers  tlie  pri- 
mary form  a  right  prism,  iu  which  M  of  the  annexed  figure  is  P, 
and  P  is  d. 
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Under  this  view  of  the  form,  he  observes  that  "  in  many  of  the 
crystals  the  terminal  plane  is  oblique  to  the  lateral ;  and  this  obli- 
quity, although  an  irregularity,  is  not  attended  with  any  distortion 
of  the  adjoining  plane  T  ( c  of  the  above  figure),  the  upper  and 
lower  edges  of  Uiis  plane  being  parallel  notwithstanding  the  varying 
inclination  of  P.** 

By  considering  the  primary  form  to  be  a  right  oblique-angled 
prism,  the  supposed  irregularity  disappears,  and  the  occurring  faces 
result  from  symmetrical  modifications  of  the  assumed  primary. 

The  angles  aboxe  given  were  taken  (from  crystals  kindly  supplied 
by  Mr.  Hartwell)  by  means  of  the  reflecting  goniometer ;  but  it 
should  be  stated  that  the  lustre  was  not  sufficient  to  afibrd  visible 
images  of  a  window-bar  in  the  faces,  as  in  the  ordinary  and  most 
exact  use  of  this  instrument.  The  results  may  nevertheless  be  re- 
garded as  very  close  approximations  to  the  truth ;  since,  in  each 
angle  given,  they  are  the  mean  of  numerous  not  widely  differing 
observations. 

The  physical  quality  of  the  faces  is  similar  :  d  is  perhaps  rather 
brighter  than  the  rest.  The  lustre  of  the  others  is  in  the  fi>llowing 
order,  the  brightest  being  mentioned  first  :  c,  P,  M,  x.  No  sirue 
Tiuble  on  the  crystals. 
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Cleayage  most  diBtioct  parallel  with  M  :  traces  of  T. 

Hardness  3=  5,0.     Sp.  gr.  s  3,27. 

Color  blackish  brown  when  weathered;  but  within  yellowish 
green,  sometimes  bluish.  Streak  ^ark  reddish  brown  :  translucent 
to  opake. 

Fusible  before  the  blowpipe,  with  much  effervescence,  into  a 
shining  hollow  globule  not  attractable  by  the  magnet.  With  borax, 
it  dissolves  with  effervescence  into  a  class  colored  by  iron.  Soluble 
with  facility  in  hydrochloric  acid,  from  which  ammonia  throws  down 
an  abundant  red  brown  precipitate  of  the  oxides  of  iron  and  man- 
ganese ;  after  the  subsidence  of  which,  the  clear  liquid  gives,  with 
oxalate  of  ammonia,  the  test  for  lime. 

Mr.  Craw's  analysis  (volume  of  American  Journal  above  quoted, 
p.  99)  seems  to  connect  this  mineral  with  the  alluandite  of  Damour, 
rather  than  with  triphylline  (though  it  is  probable  that  both  of  these 
may  ultimately  be  referred  to  the  species  triplite).  For  if  we  suppose 
the  manganese  to  have  become  peroxidized  by  weathering  (and  the 
first  specimens  obtained  were  particularly  exposed  to  this  change*), 
and  the  substitution  of  lithia  and  lime  (4,24  p.  c,  together)  to  have 
transpired  for  the  5,47  of  soda  in  Damour's  analysis  of  alluandite, 
the  identity  is  nearly  complete.  The  agreement  in  physical  qualities 
between  the  two  minerals  appears  to  render  their  coalescence  still 
farther  probable. 


21.  On  tbb  Isomorphism  of  thr  Chemical  Comp^ubids  comprisbi^ 

UNDER   THE   MiNERAL    SPBCIES    ToURMALINB.      By   Prof.  JaMBS 

D.  Bana. 

Many  instances  of  isomorphism  among  compounds  not  homologous 
in  composition,  or  of  different  proportions  in  the  elements,  have  been 
recently  pointed  out  by  Rose,  Scheerer,  Rammelsberg,  Hermann, 
etc.,  besides  others  by  myself  in  a  memoir  published  during  the  past 
year. 

The  principle,  brought  out  by  M.  Kopp,  diat  in  ordinirry  cases  of 
isomorphism,  isomorphous  substances  are  alike  in  atomic  volume,  > 

*  Hie  q»eeifie  gravi^  ef  Hr.  Gmw'b  ipeekMn  wts  only  S;87ft. 


^ 
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bas  been  applied  to  these  seemingly  anomalons  cases.  In  my  own 
memoir  alluded  to,  I  snggestesd  that'  if  the  atomic  volume,  as  cal- 
culated in  the  usual  manner  (by  dividing  the  atomic  weight  of  the 
compound  by  the  specific  gravity),  be  divided  by  the  number  of 
atoms  in  the  compound,  we  have  a  perfect  coincidence  with  Kopp's 
law,  and  a  satisfactory  explanation  of  these  isomorphisms. 

In  the  division  proposed,  all  compounds  are  reduced  to  an  equi- 
valent unit  :  thus,  for  FeO,  I  divided  by  2,  as  if  the  compound 
consisted  of  FeJOJ^,  which  is  true  of  its  composition,  the  sum  of 
the  fractions  being  a  unit.  So  for  Fe'O*,  I  divided  the  atomic  volume 
found  by  5,  as  if  the  compound  consisted  of  FefOf  ;  this  accurately 
representing  the  composition,  and  tlie  sum  of  the  whole  as  before 
being  a  unit.  These  explanations  apply  to  all  other  cases. 

Rammelsberg,  in  attempting  to  find  a  correspondence  with  Kopp's 
law.  deduces  the  principle  that  in  these  isomorphous  compounds  the 
atomic  volumes  have  a  simple  multiple  relation.  He  compares  only 
the  ordinary  atomic  volumes,  calculated  in  the  usual  way,  and  thus 
arrives  at  simple  ratios  between  tbe  resulting  amounts.  Thus,  while 
Rammelsberg  finds  the  atomic  volumes  unequal,  and  related  only  by 
certain  ratios,  the  view  I  have  proposed  arrives  at  actual  equality. 
It  is  of  some  interest  to  inquire  which  method  is  most  satisfactory,  or 
most  correct  To  test  this,  I  take  a  single  case  presented  by  Ram- 
melsberg, that  oitourmalinej  the  varieties  of  which  have  been  made 
the  subject  of  profi)und  chemical  research  by  Rammelsberg*. 

This  distinguished  chemist,  afler  numerous  analyses,  has  made  out 
Jive  chemical  groups  in  this  species,  having  the  following  formulas  : 

^      FOBinTLAB  OF  TotTBM ALIHS.  AtOmlC  TidHllM. 

I.  R«  (  Si»,  B')  +  3  E  (  Si,  B),  1808  ; 

n.  R«  ( Si',  B')  +  .4  B  { Si,  B),  2217 ; 

ui.  R«  (  SiS  B»)  +  6  /J  (  Si,  B),  3013  ; 

IV.  R  (  Si ,  B  )  +  3  /J  (  Si,  B),  1464 ; 

V.  R  ( Si ,  B )  +  4  JR  ( Si,  B),  1850. 

The  corresponding  atomic  volumes,  as  deduced  by  him,  are  given 
in  the  third  column. 

.  *  Poggendorff '■  Annalen,  Imi,  SI. 
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Rammeleberg  then  observes  that  the  numbers  1464»  1808,  1850» 
2217,  3013,  have  the  relation  ( wnting  1,26  as  a  correcUon  of  Us 
1,26)  1     :     1,24     :     1,26     :     1,51     :     2,06; 

which  is  closely  1     :     1^  :     1}  :     2, 

or  4:5:6:8. 

But  let  us  now  cakulate  the  atomic  volume  in  the  manner  I  have 
proposed ;  that  is,  by  dividing  each  of  the  above  amounts  by  the 
number  of  atoms  or  molecules  in  the  con'esponding  compounds. 
The  number  of  atoms  is  found  to  be,  for  Formula  i,  41* ;  ^»  ^0 ; 
m,  68;  IV,  33;  v,  42. 
Then  1808  -^  41  =:;  44,1 ; 

2217  -^  50  =  44,34; 

3013  ~  68  sr  44,31 ; 

1464  -^  33  =  44,36 ; 

1850  -r  42  =  44,05. 

The  results  thus  arrived  at  for  the  compounds  are  €q^al  atomic 
volumes  throughout,  viz.  44,1,  44,34,  44,31,  44,36,  44,05 ;  certainly 
a  remarkable  coincidence  in  value,  and  a  sufficient  explanation  of 
the  isomorphism. 

Let  us  now  look  further  at  the  lyimbers  of  atoms,  and  see  what 
follows  from  the  preceding  facts.  The  ratios  which  these  numbers 
have  to  one  another,  33  :  41  :  42  :  50  :  68,  are  as  follows  : 

1     :     1,24     :     1,27     :     1,51     :     2,06; 

and  these  ratios,  as  is  seen,  are  actually  coincident  with  the  atomic 
volume  ratio  obtained  by  Rammelsberg. /fence /Ae  ra^«  4:5:6:8, 
which  this  chemist  deduces,  are  in  fact  only  the  ratios  of  the  nwmher 
of  moieculee  in  the  compounds^  33  :  41  :  50  :'68  ;  a  ratio  more 
exactly  expressed  by  these  numbers  themselves.  They  cannot  there- 
fore be  considered  the  atomic  volume  ratio. 

In  the  method  which  I  have  proposed,  the  principle  holds  true, 
and  gives  uniform  results,  where  the  compounds  compared  consist 
of  like  elements.  Thus  anhydrous*  silicates  are  directly  comparable 
with  anhydrous  silicatea;  but  in  comparing  sulphur  and  oxygen 
compounds,  another  principle  probably  modifies  the  result. 


*Ia  the  first  formnla,  R*  contains  6  moleenles;  61*,  8;  %R,  16;  881,  12: 
in  sU  41. 


S38  B.  CHEBOSTRT  AND  BONERALOOY. 

This  point  requires  more  investigation  than  I  have  been  able  to 
give  it  The  case  of  the  Tarieties  of  tourmaline,  however,  is  one  in 
which  no  modification  of  this  kind  is  to  be  considered.  This  remark 
b  true  also  of  the  felspars,  the  varieties  of  scapolite,  and  num^:9U0 
other  cases  of  this  kind  brought  forward  in  a  former  memoir. 

I  observe,  in  conclusion,  that  although  the  isomorphism  of  certain 
minerals  alone  is  here  considered,  the  principle  involved  has  a  much 
vrider  authority.  It  is  one  of  the  most  fundamental  in  chemistry. 
Minerals  are  chemical  compounds  no  less  than  the  salt  formed  by 
art :  their  origin  is  due  to  no  peculiar  laws^  different  from  those  that 
preside  over  combinations  in  the  laboratory.  The  profoundest  nature 
of  molecules  is  at  the  basis  not  only  of  all  cases  of  isomorphisivif  but 
of  all  that  relates  to  cryst^lizatioa  or  structure  in  inorganic  nature. 


22.    Optical  ANn  Blowpipe  Examination  op  the  suppo8ri> 
Chlorite  op  Cbesteb  County,  Pa.    By  W.  P.  Blake. 

In  September,  1850j  Prof.  B.  Silliman  junior  handed  me  a  specimen 
of  a  beautiful  green  foliated  mineral  for  optical  examination  :  it  was 
unexpectedly  found  to  be  biaxial ;  but  as  the  locality  of  the  specimen 
was  not  known,  no  further  examination  than  the  measurement  of  the 
angles  was  made  at  that  time.  In  May  of  this  year,.  I  received  from 
Prof.  J.  D.  Dana  specimens  of  the  hitherto  supposed  chlorite  of 
Chester  county  (Pennsylvania),  which  I  examined  by  polarized  light, 
and  obtained  results  so  similar  to  those  obtained  with  the  specimen 
first  referred  to,  as  to  leave  no  doubt  (^  its  being  from  the  same 
lociJity*. 

The  mineral  occurs  three  miles  south  of  West-Chester,  in  serpen- 
tine, associated  with  magnesite ;  and  is 
found  in  plates  of  irregular  outline,  some- 
times three  inches  broad,  and  in  triangular 
plates  and  tabular  masses,  one  of  which  is 
represented  in  the  annexed  figure.  These 
plates  are  equilateral  triangles;  and  they 
much  resemble  the  triangular  cleavage  spe- 
cimens of  the  micas  from  Greenwood  fur- 
nace and  Monroe,  N.  Y.  The  cleavage  is 

'       "     '  I        I-  I      ■     I.  ■■!  1  ,.      I  ■    ■  ■  I       I         ■     ■    1.,      -.      I  ■  ■■.  .     I.      . 

*  Prot  Dana  received  his  Bpeoimen  from  Thomae  F.  Seid,  of  PJuIaddpliia. 
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perfect,  parallel  with  tbe  broad  faces  of  these  crystalti ;  but  is  not  so 
perfect  as  in  niica»  and  the  laminae  are  more  brittle.  The  laminae  are 
flexible  and  elastic,  but  less  elastic  than  mica.  Color,  beautifnl 
emerald  green.  Hardness  of  cleavage  «arface,  2  to  2,25,  scale  of 
Mohs.  Specific  g^vity  2,714,  which  is  perhaps  too  low,  as  no 
specimen  could  be  obtained  perfectly  free  from  air. 

Optically  it  is  biaxial,  with  a  high  angle,  and  the  f<^lowing  are  the 
results  obtained : 

Specimen  a»  examined  in  September,  plate  one  decimetre  long  and  six  centimetrea 

broad,  with  an  irregular  outline. 
Specimen  6,  a  triangular  plate  measuring  one  and  one-fourth  inches  along  each 

aide^  examined  in  May, 
Apparent  angle  between  the  optic  axes  in  a,  84^  80'  mean  of  nine  measurements. 
Apparent  angle  in  6,  85®  69'  mean  of  five  measurements. 

The  plane  of  the  axes  is  perpendicular  to  the  cleavage  surface, 
and  at  right  angles  with  the  base  of  the  triangle,  as  indicated  by  the 
arrow  in  the  figure.  I  was  also  able  to  obtain  evidences  of  optic  axes 
io  the  angle  of  the  plate  opposite  to  the  base,  and  found  them  to 
have  an  equal  inclination  with  h;  and  the  plane  of  these  axes  was 
found  to  form  an  angle  of  about  60*^  with  the  plane  of  the  others,  or 
to  be  at  right  angles  with  one  of  the  sides  of  the  triangle  (which  is 
as  near  the  angle  as  could  be  determmed  by  marking  the  direction 
upon  the  plate,  and  subsequent  measurement  by  goniometer  and 
protractor).  This  peculiar  relation  of  two  systems  of  optic  axes  had 
been  noticed  in  a  also,  and  there  is  probably  a  line  of  composttien 
in  most  of  the  crystals  from  the  locality.  The  position  of  this  line  is 
represented  by  the  shorter  dotted  line  in  the  figure. 

Another  interesting  peculiarity  is,  that  the  optic  axes  are  not 
eqtuUly  inclined  to  the  cleavage  Mirface,  or  to  a  line  perpendicular  to 
it  (the  « normal"  of  Biot).  The  inclinations  to  the  normal  Were 
measured  ;  but  as  the  instrument  had  not  been  adapted  to  this  mode 
of  measurement,  the  angles  given  can  be  regarded  only  as  approxi- 
mations, and  are  here  given  merely  to  show  the  existing  inequality 
of  the  inclinations. 

Specimen  a  gave  the  angles  50®  and  84® ; 
'  Specimen  5,       . .         . .        68**  18'  and  27<»  40'; 

tbe  greater  angle  being  on  the  side  of  the  normal  adjoining  the  base 
of  the  plate  or  triangle. 

From  these  results,  the  mineral  mu^t  be  referred  to  one  of  the 
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systetps  of  crystallization  having  the  three  axes  unequal ;  and  it 
cannot  therefore  be  classed  with  the  species  chlorite  or  ripi4olite, 
wbich»  according  to  authors,  is  rhombohedral  or  hexagonal.  The 
Alabama  chlorite  was  examined  optically  by  Biot,  and  reported  to 
be  uniaxial. 

It  is  here  interesting  to  observe  that  we  have  this  undoubtedly 
cUnomctric  mineral  with  such  a  peculiarly  high  angle  between  the 
optic  axes,  occurring  in  triangular  plates  and  masses  so  much  re- 
sembling the  micas  from  Monroe  (N^w-York),  whose  biaxial  cha- 
racter is  so  difficult  of  determination,  and  which  by  reason  of  this 
form  have  been  referred  by  some  eminent  crystallographers  to  the 
rhombohedral  system.  The  form,  in  both  cases  maybe  considered  as 
resulting  from  an  acute  oblique  rhombic  prism,  by  the  replacement 
of  the  acute  solid  angles*. 

Examined  with  the  blowpipe,  the  mineral  gives  the  following 
reactions  :  B.B.  in  the  forceps,  contracts  and  becomes  opaque  and 
white,  with  traces  of  fusion  on  the  edges.  Alone,  on  charcoal,  same 
as  with  forceps.  In  an  open  tube,  gives  off  water,  and  a  white  ring 
is  formed  near  the  assay  when  strongly  heated.  With  borax  in  the 
oxydizing  flame,  dissolves  readily  with  much  ebullition  ;  the  glass, 
while  hot,  red  and  brownish,  but  becomes  green  when  cold  :  in  the 
reducing  flame,  while  hot,  color  not  so  deep  as  in  the  oxydizing 
flame,  and  passes  through  the  shades  of  olive  gi*een  while  cooling, 
to  beautiful  emerald  green  when  cold.  With  phosphate  of  soda  and 
ammonia  in  the  oxydizing  flame,  dissolves  slowly,  leaving  a  skeleton 
of  the  fragments ;  glass  red  and  yellowish  while  hot,  fine  green 
when  cold ;  when  much  of  the  assay  is  added,  the  glass  becomes 
opalescent  to  opaque  when  cooling  :  in  the  reducing  flame,  skeleton 
disappears  ;  bead  brown  while  hot,  opalescent  and  green  when  oold. 
With  carbonate  of  soda  on  platina  foil,  no  reaction  for  manganese, 
k  The  constituents  of  the  mineral,  so  far  as  indicated  by  the  above 

I  reactions,  are,  HO-fSiOs+CrOft+FeO,.    Analyses 'are  now  in  pro> 

Y  gress  at  the  Yale  Analytical  Laboratory. 

In  addition  to  the  optical  character,  the  mineral  is  shown  to  difier 
from  chlorite  in  hardness  and  elasticity,  and  by  the  presence  of 
chromium. 

I  propose  for  the  species  the  name  CUnochlare,  in  allusion  to  the 

*  Dana'B  Mineralogy,  Ist  edition,  p.  264 ;  and  Am.  Jonr.  Scl,  2d  ser.,  zii,  p.  & 
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great  obKquky  between  the  opisc  axes,  and  its  green  color,  resem- 
Uing  that  of  chlorite, 

A  similar  mineral  fVom  Unionyille,  occurring  in  triangular  and 
hexagonal  forms,  I  have  found  to  be  biaxial,  and  probably  like  the 
above ;  but  I  have  not  yet  succeeded  in  obtaining  any  measurements. 


23.  Metamorphic  Cobidition  or  a  part  of  the  large  vein  of 
Franklinite  in  New-Jerset.  By  A.  C.  Farriivgton,  Esq., 
of  Newark. 

During  the  summer  of  1848,  while  engaged  in  exploring  the  metal- 
liferous veins  upon  what  is  called  Mine  Hill,  near  the  Franklin 
Furnace,  New-Jersey,  my  attention  was  arrested  by  the  difference 
in  structural  arrangement  presented  by  the  opposite  sides  of  the 
large  vein  of  franklinite  at  different  places  along  its  extent.  While 
much  the  largest  portion  of  the  mass  appearecl  to  consist  of  imperfect 
octahedral  crystals  compacted  or  cemented,  other  parts  appeared 
like  an  aggregation  of  thin  laminae,  its  crystals  resembling  tabular 
spar.  This  latter  portion  was  highly  magnetic ;  and  in  pulverizing, 
I  found  the  hammer  would  take  up  large  quantities  of  it.  Knowing 
that  other  parts  of  the  vein  did  not  exhibit  this  property,  I  pursued 
my  investigations  for  the  purpose  of  ascertaining  how  much  of  the 
ore  presented  this  magnetic  property.  The  result  was,  that  it  was 
found  only  where  the  tabular  crystals  prevailed,  and  then  only  where 
the  vein  was  in  contact  with  sienite  or  garnet ;  and  in  tracing  across 
the  vein  in  a  right  line,  magnetic  action  was  not  perceptible  for  more 
than  four  feet.  I  repeated  my  experiments,  and  four  feet  three  inches 
was  the  maximum  distance  at  which  the  ore  was  found  magnetic. 

1  broke  off  fragments  in  a  line  across  the  vein  at  the  distance  of 
three  inches  from  each  other,  and,  after  pulverizing,  weighed  one 
hundred  grains  from  each  parcel,  and  applied  a  common  horseshoe 
magnet  to  them.  The  magnet  would  take  up  all,  or  nearly  all  of  the 
powder  from  such  parts  as  came  from  the  side  of  the  vein  nearest 
the  igneous  rock,  and  gradually  diminish  as  they  receded  from  it.  I 
failed  in  establishing  any  regular  series  or  ratio  for  the  diminution 
of  magnetic  action ;  but  inferred  from  the  results,  that  the  iron  of 
the  franklinite,  in  the  parts  of  the  vein  in  contact  with  sienite  and 

16 


S42  B.  CHBMISTBY  ANB  IflNBBALOGY. 

garnet,  was  a  protoxide ;  while  the  mass  of  the  .vein  was  a  peroxide» 
and  intermediate  for  the  distances  examined  as  before  stated  there 
was  a  mechanical  mixture  of  the  two  oxides. 

In  presenting  these  facts,  an  important  geological  question  arises. 
Is  the  metamorphism  of  this  metallic  vein  attributable  to  the  agency 
of  the  intrusive  rocks  in  contact  with  it ;  and  if  so,  should  we  not 
infer  that  the  ig^neous  intrusive  rock  is  more  recent  than  the  vein  of 
franklinite  1 


24.  Notice  of  a  Magnesian  Opal,  from  near  Harmanjick,  Asia 
Minor.  By  Prof.  J.  Lawrence  Sbuth,  of  the  University  of 
Louisiana. 

This  opal  is  one  found  in  several  places  that  have  come  under  my 
observation  in  the  western  parts  of  Asia  Minor,  and  the  Island  of 
Mytilene.  It  is  found,  along  with  carbonate  of  magnesia,  in  serpen- 
tine. The  serpentine  appears  to  have  undergone  a  decomposition  by 
water  containing  carbonic  acid ;  the  magnesia  combining  with  the 
carbonic  acid  to  form  carbonate  of  magnesia,  and  the  silica  becoming 
converted  into  opal  involving  a  small  amount  of  magnesia.  The 
composition  of  the  opal  was  found  : 

Water 4,16 

Silica   92,00 

Magnesia 8,00 


25.    On  the  Columbite  of  Haddam.    By  T.  S.  Hcnt,  of  the 

Greological  Commission  of  Canada. 

[  Not  received.] 


26.    On  the  Octahedral  Peroxide  of  Iron.    By  T.  S.  Hunt, 
of  the  Geological  Commission  of  Canada. 

[  Not  receiffed,] 
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27.    On  the  Houohite  of  Prop,  Shepard.    By  S.  W.  Johnson, 

of  the  Yale  Analytical  Laboratory. 

On  page  314  of  the  Proceedings  of  the  Meeting  of  this  Association 
held  ^t  New-Haven  last  year,  occurs  a  notice  of  the  mineral 
houghite  by  Prof.  Shepard.  More  than  two  years  since,  I  noticed 
specimens  of  this  mineral  from  Dr.  Hough,  and  then  purposed  to 
examine  it.  The  specimens  which  were  in  my  possessibn  at  the  time 
of  the  publication  of  Prof.  Shepard's  paper,  and  which  furnished 
the  material  for  my  analyses,  agi*ee  in  the  main  with  his  description ; 
and  it  appeared  improbable  that  any  chemical  species  could  be  made 
from  them,  as  they  were  exceedingly  variable  in  composition  as  well 
as  in  appearance.  It  commonly  occurs  as  small  imbedded  nodules, 
usually  more  or  less  flattened,  with  the  interior  dark  gray  or  bluish 
grray  and  the  exterior  white. 

Experiment  and  observation  unite  in  proving  that  the  differenee 
in  color  between  the  external  and  internal  portions  of  these  "  con- 
cretions" is  due  to  difference  of  composition.  The  milk-white  parts 
contain  carbonic  acid  :  the  bluish-white  pprtions  do  not.  Further, 
some  specimens  are  milk-white  throughout;  while  others  are  almost 
entirely  of  a  bluish  tinge,  and  semitransparent.  The  specimens  at 
my  command  fi)r  analysis  were  uniform  in  appearance,  but  were 
more  or  less  opake  white  externally,  and,  without  exception,  were 
pervaded  by  minute  grains  of  spinel  and  phlogopite.  Some  of  them 
presented  a  portion  just  within  the  opake  layer,  that  was  transparent 
and  homogeneous  }  within  this,  fragments  and  crystals  of  spinel 
predominated.  These  statements  are  necessary  as  a  preface  to  the 
account  of  my  chemical  investigations ;  after  detailing  which,  the 
physical  properties  will  be  again  referred  to. 

The  mineral  subjected  to  analysis  comprised  fragments  partially 
opake  and  partially  translucent,  as  it  was  almost  impossible  to 
procure  by  separation  a  homogeneous  material.  After  ignition,  it 
manifests  an  alkaline  reaction ;  and  this,  as  I  have  since  found,  it 
also  does  before  heating. 

As  stated  by  Prof.  Shepard,  it  is  decomposable  in  acids  before  and 
afVer  ignition.  A  large  nodule  slowly  dissolves  even  in  cold  acetic 
acid.  Carbonic  acid  is  evolved  during  solution,  and  in  sufficient 
quantity  to  produce  a  precipitate  on  passing  through  baryta  water. 
A  residue  has  always  occurred  in  my  experiments,  consisting  in  part 
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of  insoluble  miQerals,  spinel  and  phlogopite,  and  also  in  most  cases 
of  silica ;  and,  in  fact,  the  mineral  has  often  afforded  a  well  cba- 
racterized  jelly  with  acids.  The  acid  solution  gives  with  ammonia, 
in  presence  of  chloride  of  ammonium,  a  copious  white  precipitate. 
The  filtrate  contains  only  magnesia,  or  occasionally  a  trace  of  pot* 
ash,  possibly  from  decomposition  of  phlogopite.  The  ammonia  pre- 
cipitate, as  noticed  by  Prof.  Shepard,  yields  alumina  and  a  trace  of 
iron  to  caustic  potash,  but  is  not  entirely  decomposed  erm  by  a 
large  excess  of  it  during  protracted  digestion  at  a  boiling  heat. 

Following  the  usual  routine  of  analysis,  it  was  repeatedly  and  most 
carefully  examined  fer  all  the  salts  and  rare  earths  that  can  occur  in 
such  circumstances^  but  no  evidence  of  their  existence  was  obtained. 
It  appeared  to  be  a  hydrous  compound  of  magnesia  and  alumina ; 
and  upon  reference  to  Gmelin's  Handbuch,  notice  of  such  a  sub- 
stance was  £>und.  By  three  or  four  repeated  solutiotis  in  hydrochloric 
acid,  and  precipitations  by  ammonia,  it  was  completely  separated 
into  the  two  earths,  alumina  and  magnesia ;  which,  with  water, 
oompleted  the  sum  of  its  ingredients. 

Previous  to  entering  on  the  quantitative  investigation  of  this 
mineral,  I  made  inquiries  of  Dr.  HotoH,  who  resides  near  the  lo- 
cality, hoping  to  obtain  homogeneous  specimens  :  he  could  not 
furnish  them,  and  the  ft>llowing  analyses  were  made  without  ex- 
pectation  of  perfectly  accordant  results. 

In  the  analysis,  carbonic  acid  was  determined  in  the  usual  manner 
in  a  flask  furnished  with  chloride  of  calcium  and  aspirating  tubes. 
Water  was  expelled  by  ignition,  and  collected  in  chloride  of  calcium. 
The  mineral  was  decomposed  in  hot  hydrochloric  acid ;  the  whole 
evaporated  to  dryness,  redissolved,  and  filtered.  In  the  aolution, 
alumina  and  magnesia  were  separated  by  bicarbonate  of  soda ;  the 
magnesia  weighed  as  pyrophosphate;  the  alumina,  as  such,  after 
solution  and  reprecipitation  by  Carbonate  of  ammonia*  The  insoluble 
residue  was  treated  with  hot  soltttionof  carbonate  of  soda,  to  extract 
silica. 

Before  subjecting  the  mineral  to  analysis,  a  portion  in  small 
fragments,  the  most  homogeneous  that  could  be  selected,  was  used 
for  determining  its  specific  gravity.  For  this  purpose,  after  its  weight 
had  been  taken,  it  was  boiled  in  the  water  in  which  it  was  subse- 
quently weighed,  as  air  bubbles  adhered  to  it  very  pertinaciously. 
The  number  2,175  was  obtained  ;^but  the  miiieral  was  afterward 
found  to  contain  spinel. 
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A  quantity  of  the  Biineral,  after  being  pulverized,  was  placed  io 
a  Liebig's  drying  tube,  and  exposed  in  a  current  of  dry  air  to  a  heat 
of  100^  C.  :  it  lost  water  for  a  long  time.  The  beat  was  afterward 
raised  to  175^  C,  and  it  continued  to  lose  weight  for  several  days. 
It  was  finally  submitted  to  the  highest  temperature  admissible  in  an 
oil-bath,  280^  C.  ( 536""  F.) ;  and  after  more  than  100  hours  of  dry- 
iogt  it  ceased  to  lose  weight.  As  this  result  had  not  been  foreseen, 
the  original  weight  of  the  mineral  was  not  taken  :  the  loss  was  at 
least  five  per  cent.  In  this  dried  portion  were  found 

Al*  Mg  H(bydifi;)        C    InaoL  (spinel,  J^)    SUica. 

19,743  86,292  24,223  8,458  8,204  8, 020^1 00. 

« 

A  fresh  portion  of  the  mineral,  including  that  employed  in  taking 
the  specific  gravity,  was  carefiilly  intermingled,  pulverized,  and  dried 
over  SO,  in  vacuo. 

Two  determinations  of  carbonic  acid  gave  respectively  6,712  and 
8,094  per  cent  :  mean,  7,380  per  cent.  Another  portion,  the  only 
remaining  material,  was  ignited  until  it  cease;d  to  lose  weight  :  it 
then  contained  no  carbonic  acid.  The  loss  was  40,867  per  cent.  It 
was  analyzed  with  the  following  results  : 

80 ,  048        66 ,  467        Insol.  (spinel  and  miea)  1 5 , 1 96    SDica,  traees^X  00 , 7 1 1. 

Several  water  estimations  were  made,  varying  from  33  to  41  per 
cent ;  but  I  attach^no  value  to  them.  If  we  subtract  7,380  the  mean 
result  for  carbonic  acid,  from  40,8*17  the  total  loss  on  ignition,  we 
obtain  33,477  as  the  percentage  of  water.  Rejecting  the  insoluble 
minerals,  and  calculating  the  remaining  constituents  on  100,  the 
composition  stands  as  follows  : 

Al*  ifg  H  G 

28,867  44,889  26,462  6,888=99,996. 

Excluding,  in  both  analyses,  all  the  ingredients  but  alumina  and 
magnesia,  and  reducing  these  to  percentage  relations,  we  find  the 
following  numbers  : 

^  FInt  analy^        Seoond  analyda.  Mean. 

Al*  '    86,288  86.187  86,186 

Mg  64,768  64,862  64,812 

These  accordant  results  indicate  the  existoice  of  definite  relations 
between  these  two  ingredients.  Division  by  the  equivalents  gives  th^ 
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ratio  of  4  of  alumina  to  19  magnesia ;  corresponding  to  alumina 
35,15,  magnesia  66,47.  The  ratio  of  1  :  5  would  require  alumina 
33,53,  magnesia  66,47. 

It  seems  useless  to  speculate  on  the  constitution  of  houghite, 
without  new  analyses. 

Quite  recently,  I  have  visited  the  locality  in  company  with  Dr. 
Hough.. It  is  in  the  town  of  Rossie,  and  near  the  village  of  Somer- 
ville,  in  St.  Lawrence  county,  N.  Y.  The  mineral  occurs  disseminated 
through  white  crystalline  limestone,  at  the  summit  of  a  slight  eleva- 
tion, near  which  occur  beds  of  the  Potsdam  sandstone.  Associated 
with  houghite  are  dolomite  of  variable  composition,  scapolite  of 
brown  and  green  color,  plilogopite,  graphite,  spinel,  and  a  crystal- 
lized pseudomorphous(?)  yellow  serpentine,  in  which  I  have  obtained 
the  water  and  silica  percentages  of  that  mineral. 

Much  of  the  rock  exhibits  evidences  of  atmospheric  action.  The 
serpentine  in  the  altered  parts  has  become  discolored,  and  so  friable 
as  to  yield  to  the  pressure  of  the  fingers.  The  nodules  of  houghite 
are  half  exposed,  easily  detached  from  the  rock,  and  often  opake  and 
milk-white  throughout. 

This  altered  or  bleached  appearance  in  the  rock  does  not  occur 
upon  the  uppermost  surface,  as  far  as  I  have  observed,  but  along  its 
sides  and  under  portions  pendant  over  a  cavity ;  but  not  a  nodule  of 
houghite  has  been  found,  even  in  the  least  altered  rock,  that  has  not 
presented  superficially  in  some  parts  a  milk-white  color. 

Among  the  masses  which  furnished  material  for  analyses,  I  found 
several  specimens  that  exhibited  unequivocal  evidences  of  octahedral 
crystallization,  one  of  which  is  here  repre^ 
sentcd.  Some  of  them  are  Jths  of  an  inch  in 
diameter  ;  they  are  superficially  grooved 
and  contorted,  their  edges  are  rounded,  and 
protrude  beyond  the  planes  of  the  faces. 
In  some  an  appearance  occurs,  which  seems 
as  if  it  had  been  produced  by  a  protrusion 
near  the  edge  of  each  plane,  leaving  a  line 
of  depression  with  reentering  surfaces  cor- 
responding to  the  lateral  edges  of  a  perfect  octahedron  ;  while  on 
the  faces,  a  triangular  depression  occurs,  bounded  by  the  protruded 
edges  of  each  plane  of  the  crystal.  In  one  nodule  there  is  a  gradual 
transition  from  the  soft  and  amorphous  houghite,  to  the  hard  and 
regularly  terminated  ^inel.  The  crystals  are  occasionally  compound. 
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28.  On  thr  Occurrence  of  Chromate  of  Lead  in  Pennstltania, 

AND  OTHER  MiNERALOGICAL  NoTICES.      By  W.  P.  BlAKE. 

Mr.  Blake  presented  a  communication  upon  some*  American  mine- 
rals, stating  that  he  had  observed  the  occurrence  of  chromate  of  lead 
in  Pennsylvania,  upon  pyromorphite  and  carbonate  of  lead.  He  also 
noticed  the  occurrence  of  chalcotrichite  at  Perkiomen  mine,  Penn- 
sylvania ;  sulphuret  of  nickel,  in  Lancaster  coujity,  Pennsylvania ; 
and  yenite,  from  O'Niel  mine,  Orange  county.  New- York. 


29.  On  Phosphate  of  Lime.    By  Prof.  E,  Emmonb*  of  Albany. 

[Not  received.] 


30.  On  a  New  Locality  of  Red  Sapphire,  wfth  Notices  of  the 
Associate  Minerals.    By  W.  P.  Blake. 

*** "  These  crystals  of  corundum  are  remarkable  for  their 

great  irregularity  of  form  and  outline,  being  almost  without  exception 
filled  with  cavities  so  as  to  present  a  mere  shell  of  solid  sapphire." 

The  color  of  the  finest  speciQiens  is  ruby  red,  passing  into  various 
shades  of  purple  in  different  specimens  :  they  are  translucent  to 
opake.  No  transparent  specimens  have  yet  been  found. 

The  associate  minerals  are  remaikable  for  their  beauty  and  pe- 
culiarities. The  following  list  embraces  those  which  occur  in  greatest 
abundance : 


Red  Bpinel, 

Rose  spinel, 

Hydroos  silieateB  of  altunina, 

Chondrodite, 

Hornblende, 


Iron  pyritei, 

Hydroiu/  Beeqniozide  of  iron, 

Graphite, 

Phlogopite^ 

En^erylitef 


The  following  occur  sparingly,  viz.  rutile,  ilmenite,  blue  fluor. 

It  is  interesting  to  observe  the  similarity  of  the  association  of  the 
minerals  of  this  locality  with  those  described  by  Prof.  J.  Lawrence 
SMrrH  in  his  memoirs  upon  the  corundum  and  emery  of  Asia  Minor* 
read  before  the  Academy  of  Sciences  of  the  Fienoh  Institute,  July 
15,  1850,  and  published  in  the  American  Journal  of  Science*  vols.. 
X  and  xii,  2d  series. 


248  C.  6EOLOOT  AHD<  FHTSIOAXi  OBOGBAPHT. 


C.  GEOLOGY  AND  PHYSICAL  GEOGRAPHY. 


I.  VHYQICAL  GSOGRAPHT. 

1.  On  the  Geographical  DisTRiBimoN  of  Animals  in  California. 
By  Dr.  John  L.  Le  Conte»  of  Philadelphia. 

During  a  recent  journey  through  a  portion  of  California,  my  attention 
was  called  to  a  very  remarkable  kind  of  geographical  distribution, 
both  of  animals  and  plants,  which  preveils  in  that  singular  portion 
of  our  country. 

It  is  well  known  that  the  abundance  and  beauty  of  California 
flowers,  during  the  early  weeks  of  spring,  is  so  great,  that  the  whole 
country  appears  like  a  highly  cultivated  garden  :  it  is  difficult  for 
the  traveller  to  believe  that  the  elaborate  arrangement  of  colors, 
which  every  where  meets  his  eye,  is  the  result  of  natural  causes ; 
and  irresistibly  the  attention  of  even  the  most  superficial  observer  is 
drawn  towards  the  delicate  forms  of  the  vegetation  which  surrounds 
him.  As  compared  with  the  eastern  part  of  the  continent,  the  greater 
dryness  and  clearness  of  the  atmosphere  have  a  tendency  to  repress 
the  foliage  of  plants,  while  they  develop  in  a  wonderful  degree  the 
highly  colored  appendages  which  surround  the  generative  organs. 

While  the  attention  of  the  traveller  is  thus  dii'ected  to  the  brilliant 
color  and  peculiar  form  of  the  flowers,  he  will  not  be  less  conscious 
of  a  remarkable  phenomenon,  which  greatly  adds  to  the  pleasure  of 
travelling,  and,  at  least  in  the  flower-season,  makes  full  amends  Ibr 
the  absence  of  trees.  The  flower  of  to-day  will  not  be  seen  to- 
morrow; and  even  ^with  the  slow  manner  of  travelling  usually 
practised  in  California,  a  period  of  two  or  three  days  is  sufficient  to 
change  almost  all  the  plants.  Nor  is  this  a  change  produced  merely 
l^  difference  of  latitude  or  elevation.  The  plants .  of  the  sierra  in 
lat  32^,  with  few  exceptions,  are  not  those  of  less,  elevated  regions 
farther  norths  and  still  less  are  they  those  of  the  Sierra  Nevada 

valleys. 

This  being  the  case  with  the  vegetation,  it  became  important  to 
determine  if  similar  principles  regulated  the  distribution  ct  animals. 


PHT8IC.AI.  0EOOBAPHT.  949 

Willi  a  view,  to  M^eitain  this  fiiet»  .paidoiilarnote  was  taken  of  Ike 
k>calilieB  of  all  reptilea  and  imects  collected  during  my  joumey. 
Tkeae  ccdleolions  were  made  priacipalVy  at  San  Frandsco*  San  Josor 
San  DiegOy  Valleckas  (on  die  ea^fcem  ak^eof  the  sierra).  Junction 
of  the  Colorado  and  Gila,  and  in  the  valley  of  the  latter- river.  The 
data  fiom  the  laat.meotioned  region  are  very  impeifect,  the  coUeotion 
haviQg  >heen  made  under  peciAiarly  nn&vorahle  circiinistanoea)  and 
during  the  coldest  season  of  the  year.  The  mammalia  and  hirds  were 
leas  noticed,  hoth  from  the  fact  that  they  had  been  diligently  collected 
by  previous  travellers,  and  from  a  want  of  sufficient  knowledge  re* 
apedhig  the  ol^ects^  themselves.  For  in  California,  more  than  in  any 
other  country,  is  the  naturalist  obliged  to  rely  on  immediate  observa- 
tion ;  the  larger  objects,  especially*  in  the  present  eondition  of  the 
ceuiitry,  must  he  neglected,  asx  there  is  no  possible  means  by  which 
they  can  be  preserved,  or  even  taken  -care  of  and  transported  after 
preservation.  I  venture,  however,  from  our  present  knowledge  of 
the  higher  animals  of  Western  America,  to  predict,  that  with  the 
exception  of  two  sets  of  species  hereafter  to  be  meniioned,  the  results 
wiU  be  found  to  agree  with  those  derived  firom  the  study  of  the 
inferior  orders. 

I  cannot  avoid,  on  the  present  occasion,  expressing  my  sense  of 
deep  obligation  to  the  junior  officers  of  the  array,  stationed  at  the 
Colorado  and  >  at  San  Diego.  With  scarce  a  single  exception,  the 
offiM^ers  whom  I  had  the  pleasure  of  meeting  in  California  eidiibitod 
Uw  most  lively  desire  to  aid  my  researches ;  not  only  by  the  frank 
hospitality,  which  has  connected  with  the  most  frightful  deserts  some 
of  the  happiest  reminiscences  of  my  life,  but  by  the  free  extension 
of  all  the  facilities  which  their  position  could  command.  Thus  was 
I  enabled  to  visit  distant  and  rarely  accessible  regions,  and  to  pursue 
even  minute  investigations  on  land  never  before  visited  by  a  zoolo- 
gist. Though  the  labor  was  mine,  to  them  belongs  the  honor ;  for 
without  the  assistance  afforded  by  these  few  individuals,  who  still 
retain,  under  the  most  materializing  influences,  their  appreciation  of 
intellectual  pursuits,  I  feel  convinced  that  a  more* than  ordinary  share 
of  scientific  zeal  could  have  accomplished  absolutely  nothing.  For 
this  personal  &vor,  as  well  as  for  the  assistance  which  they  will  al* 
ways  take  pleasure  in  extending  to  scientific  men,  1  beg  to  offer  my 
most  heartfelt  thanks. 

The  first  ftot  observed  l^^the  collector,  is  the  very  small  number 
of  species  which  can  be  obtained  at  any  single  locality.  Day  afker 
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day  he  meets  with  a  continual  repetition  of  a  few  common  forms, 
with  an  occasional  admixture  of  rare  species ;  so  that  at  the  end  of 
two  or  three  months  a  single  locality  will  have  furnished  him  with 
ahout  300  species  of  Coleoptera,  and  a  rather  less  numher  of  other 
orders.  It  will  be  here  remembered  that  the  contrary  is  true  of  the 
eastern  part  of  the  continent,  where  each  locality  furnishes  a  large 
number  of  species,  extending  over  a  large  area,  and  represented  by 
comparatively  few  individuals. 

On  removing  to  another  locality,  the  same  thing  is  again  observed* 
with  this  difference  :  the  species  of  the  first  place,  even  the  most 
abundant,  are  replaced  by  others,  many  of  which  are  true  represent- 
ative species,  approaching  as  closely  as  those  of  Eastern  America 
and  Europe;  while  others  belong  peculiarly  to  their  own  district, 
and  are  without  any  representatives  in  the  other  parts  of  the  country. 

The  arrangement  of  my  collection  is  not  yet  sufficiently  complete, 
to  enable,  me  to  determine  the  numerical  proportion  of  species  com- 
mon to  two  or  more  localities  ;  but  I  may  safely  assert,  that  even  in 
adjoining  districts  it  does  not  exceed  7  or  8  per  cent.  I  may  likewise 
say  that  those  found  over  a>moderate  extent  of  country  usually  extend 
over  the  whole ;  and  the  majority  of  them  are  either  found  on  this 
side  of  the  Rocky  Mountains,  or  are  represented  by  species  so  nearly 
allied,  that  it  may  be  doubted  if  they  should  not  rather  be  regarded 
as  climatic  varieties.  It  must  be  observed  that  the  localities  east  of 
the  Sierra  ( Vallecitas,  Colorado  and  Grila)  i^ow  more  resemblance 
in  their  productions  than  the  maritime  regions  of  California  :  the 
desert  nature  of  the  country  undoubtedly  produces  this  effect,  by 
presenting  conditions  unfavorable  to  animal  life ;  yet  even  in  this 
uniforiply  sterile  tract,  gi'eat  differences  are  observed  among  the 
smaller  species  which  abound  only  in  moist  places. 

From  the  distribution  of  species,  I  was  next  led  to  examine  into 
the  nature  of  the  distribution  of  genera  and  groups  ;  expecting  that 
a  similar  geographical  position  would  produce  a  certain  resemblance 
to  the  fauna  of  Europe,  and  thus  vindicate  the  effects  of  physical 
causes  in  the  organic  creation. 

According  to  a  catalogue  made  at  the  time  the  species  occurred, 
in  the  principal  groups  of  Coleoptera,  there  are  Carabica  170, 
Aquatics  70,  Silphales  6,  HisteridsB  30,  Scarabsei  25,  Malachidse  26, 
Elateridse  25,  Curculionidse  70,  Longicomia  13,  Chrysomelidas  50, 
Tenebrionidffi  130,  Staphylinl  135.  The  whole  number  of  species 
collected  amounted  to  a  little  over  1000. 
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The  first  point  worthy  of  notice  in  this  list  is  the  extremely  small 
number  of  Scarabeei>  Elateridae  and  Longicomia  :  this  might  have 
been  predicted,  as  these  insects  derive  their  food  for  the  most  part 
from  large  plants.  The  Curoulionidae  and  Ghrysomelidse  are  not  in 
the  same  proportion  as  in  more  wooded  countries.  The  saprophagous 
Goleoptera,  with  the  exception  of  Histeridse,  are  almost  wanting ; 
and  these  latter  are  not  in  larger  proportion  than  with  us.  Thus  the 
only  effect,  so  far  obsenred,  is  the  paucity  of  species  in  tribes  for 
which  the  country  affords  but  little  food.  The  Staphylini  and  Garabica 
bear  the  same  propoition  to  the  whole,  that  they  do  with  us ;  while 
the  deficiency  caused  by  the  ^mall  representation  of  the  tribes  men- 
tioned above,  is  made  up  almost  entirely  by  the  Tenebrionidae,  which, 
as  is  well  known,  are  but  slightly  developed  in  Eastern  America. 
The  Malachidae  are  also  in  larger  proportion  than  in  other  parts  of 
the  continent. 

Neglecting,  on  the  present  occasion,  the  smaller  tribes,  let  us 
examine  into  the  constitution  of  the  groups  which  form  the  largest 
portion  of  the  insect  fauna  of  Galifomia. 

Among  the  Malachii  is  one  new  genus  :  the  others  are  either 
Malachius,  Gollops  or  Anthicomus,  genera  distributed  through,  the 
other  parts  of  the  continent. 

In  the  Garabica,  but  few  new  genera  occur  :  almost  all  the  species 
belong  to  cosmopolitan  genera,  Gicindela,  Lebia,  Brachinus,  Pla* 
tyuus,  Pterostichus,  etc.  There  is  then  a  small  number  of  tropical 
genera,  peculiar  to  America,  and  extending  a  short  distance  into  the 
temperate  zone  :  Ega,  Diaphorus,  Lachnophorus.  The  remainder 
consists  altogether  of  genera  belonging  to  the  temperate  zone,  and 
found  both  in  Eastern  America  and  in  Europe.  Of  genera  found  in 
the  Atlantic  States,  not  in  Europe,  and  likewise  of  those  found  in 
Europe  and  not  in  Eastern  America,  there  is  not  a  single  species  in 
California*. 

The  Staphylini  contain  two  new  genera  :  the  others  are  either 
cosmopolitan,  or,  if  (as  Falaminus  and  Lispinus)  American,  are  also 
found  in  the  tropics. 

The  Tenebrionidae,  from  being  the  group  most  characteristic  of 
the  country,  might  be  supposed  capable  of  giving  us  the  most  certain 
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Tfans  the  only  manner  in  iHrich  die  laaect  laana  of 
apfffoachei  dnt  of  Europe,  is  in  the  great  abandaaee  of 
TenehrioDidae.  Bat  in  this  reelect  it  does  not  diller  from  a  large  pait 
of  Sooth  America ;  and  bj  the  Terj  form  of  these  TenehnonidB. 
which  hear  no  reoemblaDce  at  all  to  those  of  Earope,  the  gieata 
relation  of  the  Calilbfrnian  fauna  to  that  of  the  rest  of  America  ii 
elearlj  prored.  It  will  be  seen,  too,  that  the  resemblance  to  Eoro- 
pean  forms  in  the  other  tribes  is  only  indirect,  proceeding  soMj 
from  nniTerBal  or  zonal  forms,  while  the  greater  relation  is  agaia 
with  the  rest  of  America.  It  will  moreover  be  seen,  that  while  tho 
stronger  relation  of  the  founa  is  continental,  yet  a  sufficient  number 
of  individaal  peculiarities  are  introduced  to  proTO  that  it  constitntes 
a  system  of  its  own,  bearing  no  relation  to  that  of  Eastern  America*, 
except  the  slight  continental  resemblance  proceeding  in^rectly 
through  the  tropics. 

Thus  the  comparison  between  the  fauna  of  Califofmia  and  that  of 
die  corresponding  portion  of  the  other  continent,  so  far  frt>m  giving 
any  weight  1o  the  hypothesis  that  similar  physical  condidona  will  be 
attended  with  similar  organized  products,  entirely  dem<dishes  this 


*  I  will  here  uieidaiitsny  reoiark,  that  the  insect  fsans  of  the  elevated  plain 
oC  Mieaoari  territory  apparently  resembles  that  of  California  more  than  that  of 
the  Atlaatie.  This  is  prodooed  by  its. resemblance  to  the  taona  of  the  derated 
parts  of  Meideo^  as  there  are  scarcely  any  speoies  common  to  the  two  region^ 
eieept  such  as  extend  farther  east  The  Miasouri  territory  is  not  entitled  to  rank 
as  a  distinet  zoological  district^  being  only  a  prolongation  of  Central  Mexico^  with 
gmdoal  alteration  dcpandsat  oa  lalitade^  and  a.sli^t  sdmirtore  from  the  nei^ 
boring  provineaa 
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▼iew,  and  shows  that  the  very  diverse  fauna  of  different  portions  of 
the  same  continent  are  yet  connected  together  by  a  strong  sinularity 
of  plan. 

The  peculiarly  local  distribution  of  species  ill  California  may  again 
be  made  use  of»  to  illustrate  this  position.  It  will  be  remembered  that 
the  researches  of  Charles  Darwin  have  shown  that  the  productions 
of  the  different  GalHpagos  islands,  thou]gh  having  a  general  resem-  , 
blauce  to  each  other,  are  yet  peculiar,  each  set  to  its  own  island ; 
and  that  this  parallelism  between  the  islands  extends  through  all  the 
classes  of  organic  beings.  Pro£  Gray  has,  in  a  former  meeting  of 
this  learned  body,  comm^ced  to  show  that  the  same  is  true  (at  least 
of  the  plants)  in  the  Sandwich  islands ;  and  we  now  find  a  similar 
local  distribution  existing  on  the  adjoining  continent. 

Now,  on  the  ocean,  it  might  be  said  that  the  islands  are  separated 
by  impassable  barriers  of  water,  and  that  there  was  no  opportunity 
for  the  species  to  migrate  from  one  to  the  other ;  yet  the  same  kind 
of  distribution  has  not  been  observed  in  the  groups  of  islands  con- 
nected with  the  other  continent.  And  now  as  if  to  prove  a  funda- 
mental spiritual  relation  between  the  system  of  distribution  and  the 
part  of  the  world  in  which  it  occurs,  and  its  entire  independence  of 
physical  causes.  We  find  in  California  local  zoological  districts,  no 
larger  than  many  islands,  and  separated  almost  as  sharply  as  if 
limited  by  impassable  barriers  of  ocean  or  ice. 

Thus  do  we  see  plainly  the  inadetjuacy  of  physical  eanaes  to  ac- 
count for  even  the  distribution,  much  less  the  origin  of  organic 
beings ;  and  we  are  again  led  irresistibly  to  view  Nature,  in  all  her 
manifestations,  as  the  direct  expression  of  an  original  and  harmonious 
plan  of  God. 

The  principles  shown  by  the  preceding  analysis  may  be  expressed 
briefly  as  follows  : 

1.  California  constitutes  a  peculiar  zoological  district,  with  suffi- 
cient relation  to  the  other  districts  of  America  to  prove  that  it  belongs 
to  the  same  continental  system. 

2.  This  zoological  district  is  divided  into  several  sharply  defined 
sub-districtSit  having  a  very  dose  resemblance  to  each  o^r. 

As  the  same  mode  of  distribution  obtains  in  the  groups  of  islands 
ac^acent  to  the  western  coast  of  America*  we  are^led  to  believe, 

3.  That  the  local  distribution  of  a  small  number  of  species  is  thd 
diaracteristic  of  the  eastern  Pacific  region^  as  tbe  extensive  distriba* 
tion  of  a  large  number  is  the  prevailing  feature  of  the  Atlaatie. 
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4.  The  genera  occurring  in,  but  not  peculiar  to,  this  district^  be- 
long to  two  classes  :  either  they  occur  on  the  Atlantic  slope  of  both 
continents,  or  they  are  peculiar  to  America,  and  are  also  found 
within  the  tropics. 


2.  Peculiarities  op  the  Climate,  Flora,  and  Fauna  op  the 
South  Shore  op  Lake  Erie,  in  th^ Vicinity  op  Cleveland, 
Ohio.     By  Dr.  J.  P.  Kirtland,  of  Cleveland. 

[  Not  received.] 
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3.    Remarks  upon  the  Unconpormabilitt  op  thb  Paleozoic 
Formations  op  the  United  States.    By  Prof.  L.  Aoassiz. 

Prop.  Aoassiz  demonstrated  that  the  palaeozoic  formations  follow 
e^ch  other  in  regular  order  on  Lake  Superior,  and  in  the  northern 
part  of  America.  He  alluded  to  the  undulations  of  the  surface  of  the 
earth,  bulgings  and  sinkings  over  extensive  areas,  producing  such 
phenomena,  too  much  neglected  by  geologists,  as  table-lands  and 
low  plains.  He  held  to  the  theory  of  undulations,  instead  of  that  of 
the  upheaval  of  mountain-chains. 

Mr.  Foster  stated  that  he  hardly  believed  that  this  subject  had 
attracted  the  attention  which  it  deserved.  Take,  for  instance,  some 
of  the  great  Coal  Measures,  and  it  would  be  found  that  there  were 
distinct  marks  often  separate  deposits,  evidently  showing  that  there 
had  been  successive  upheavals  and  depressions ;  fer  each  deposit 
had  its  own  ripplemarks,  which  could  be  traced  on  what  was  once 
the  surface.  This  certainly  led  to  the  opinion  that  there  woald  be  a 
want  of  conformability  where  these  undulations  occurred.  Again, 
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the  Galena  limestone,  which  may  be  found  west  of  the  Mississii^i, 
extending  to  an  immense  thickness,  thins  out  as  you  come  eastward, 
till  in  the  State  of  New- York  it  is  not  to  be  found.  It  is  evidently 
to  be  inferred,  from  the  most  recent  observations,  that,  while  the  se- 
dimentary series  of  rocks  were  being  deposited,  undulations  may 
have  taken  place  over  areas  of  vast  extent. 

Prof.  Hall  remarked  that  the  Lower  Silurian  limestones  of  New- 
York,  which  possess  a  thickness  in  this  State  of  some  six  or  eight 
hundred  feet,  may  be  recognized  along  the  northern  shores  of  Lakes 
Huron  and  Michigan,  reduced  to  some  100  feet ;  and  that  still  fur- 
ther west,  the  same  rock  at  St.  Anthony's  Falls  is  reduced  to  a  thick- 
ness of  less  than  50  feet.  That  it  is  the  same  rock,  we  know  by  the 
fossils,  which  are  the  same  species  as  those  found  in  New- York, 
and  by  the  strata  which  occur  both  above  and  below.  This  certainly 
proves  the  unconformability  of  the  succeeding  strata.  Another  in- 
stance may  be  cited  in  the  New- York  rocks,  known  as  the  Utica 
slate  and  Hudson-river  group,  which,  in  New- York,  has  a  thickness 
of  800  feet,  on  Lake  Huron  but  200,  while  between  Green  Bay  and 
the  Wisconsin  river  it  totally  disappears ;  and  with  its  disappear- 
ance, the  fossils,  which  characterize  this  rock,  are  lost  also.  Another 
instance  of  this  unconformability  is  the  disappearance  of  the  Medina 
sandstone  and  the  Oneida  conglomerate. 

This  is  one  of  the  difficulties  under  which  Western  geologists 
have  to  labor ;  and  which  will  remain,  until  the  various  surveys  and 
examinations  have  identified  the  rpcks  of  the  various  western  locali- 
ties, and  the  fossils  which  they  contain,  with  those  of  eastern  localities. 

The  Niagara  group  can  be  traced  along  the  north  shores  of  Lake 
Huron,  beyond  the  Mississippi,  into  Iowa ;  and  while  at  Niagara  it 
possesses  a  thickness  of  one  hundred  and  fifly  or  two  hundred  feet, 
in  the  more  eastern  portions  of  the  State  it  thins  out  to  four  or  five 
feet,  while  at  the  west  it  increases  in  thickness  to  a  much  greater 
extent ;  and  this,  also,  forms  a  proof  of  the  unconformability  of  the 
strata. 

The  Onondaga-salt  group,  and  the  series  of  limestones  above,  and 
which  in  this  State  have  together  a  thickness  of  1800  feet,  are  en- 
tirely wanting  west  of  Lake  Huron,  while  there  are  some  of  these 
formations  which  may  be  traced  in  a  southwestern  direction  as  far 
as  Tennessee^  The  ripplemarks  are  satisfactory  evidence  that  these 
depositions  have  been  made  in  shallow  seas  during  long  periods. 
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Blue  limestone  and  Cliff  limestone,  the  rocks  above  these  being  all 
of  carboniferous  age. 

Prof.  Hall  said,  that  for  several  years  past.  Prof.  J.  M.  Safpokd 
had  been  making  examinations  in  this  part  of  the  country,  the  ge- 
neral result  of  which  he  had  presented  in  a  geological  map,  showing 
not  only  the  limits  of  this  silurian  basin,  but  also  the  subdivisions 
which  he  proposed  to  make,  and  which  were  characterized  by  cer- 
tain fossils.  The  fossils  collected  by  Prof  Safibrd  amounted  to  some 
200  species,  about  one  half  of  which  were  identical  with  those  known 
hi  the  rocks  of  New- York.  In  general  terms,  we  might  say  that  the 
rocks  of  nearly  the  whole  of  this  basin  corresponded  to  the  lower 
silurian  limestones  of  New- York*  In  the  lower  portion  of  the  series 
in  this  basin,  Prof  Safford  recognizes  three  divisions.  From  the  lower 
of  these  divisions  he  has  brought  eight  species  of  fossils ;  and  of 
these  eight  species,  five  are  of  species  characteristic  of  the  Birdseye 
aud  Black-river  limestones  in  New- York,  and  the  other  three  ap 
peared  to  be  new  or  undeseribed  species.  From  the  second  division* 
fifty-eight  species  had  been  collected*  of  which  twenty-eight  were 
identical  vrith  specien  known  in  New- York,  and  mainly  those  cha- 
racteristic of  the  Trenton  limestone,  a  few  species  only  being  those 
which  occur  in  the  Birdseye  and  !plack-river  limestones.  In  the  up- 
per of  these  subdivisions,  sixteen  species  had  been  found,  of  which 
eleven  were  known  as  characteristic  of  New- York  strata,  and  nearly 
all  of  the  Trenton  limestone.  Among  the  fossils  here  enumerated 
were  the  OrmoceraSf  the  Gonioceras,  and  the  Endoceras  ;  the  OrUuh 
eeras  Jusiformis,  and  other  remarkable  and  characteristic  species  of 
lower  silurian  age,  and  particularly  of  the  Black-river  and  Trenton' 
limestones. 

Prof  Hall  saicl  that  he  had  collected  the  Ganiocertu  anceps  { a 
cephalopod  of  peculiar  structure)  in  the  Black-river  limestone  of 
New- York,  and  had  traced  its  occurrence  in  the  same  geological 
position  as  far  as  the  Mississippi  river,  and  it  occurred  also  in  the 
basin  of  Tennessee.  In  all  the  localities  it  was  associated  with  Or^ 
moeeras  or  Acttnoeeroif  Columnaria,  and  other  fossils  which  were 
associated  in  the  same  geological  position  in  New- York.  It  seemed^ 
therefore,  scarcely  possible  to  avoid  the  conclusion  that  this  lower 
limestone  of  Tennessee  was  the  equivalent  of  the  Black-river  lime- 
stone of  New- York,  and  that  perhaps  also  a  portion  of  the  Birdseye 
limestone  was  included  with  it.  In  the  second  and  third  divisions 

there  were  about  forty  species  of  fossils  common  to  dioso  rodcs,  and 
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to  the  Trenton  limestone  of  New* York;  making  the  conclusion 
unavoidable,  that  the  strata  of  these  two  porticms  of  country  were 
of  the  same  age. 

In  the  same  manner -the  upper  or  Nashville  group  of  limestoneBt 
which  Prof.  Safforh  proposed  to  subdivide  into  three  subordinate 
groups,  contained  so  many  fossils  which  were  identical  with  those  of 
the  Hudson-river  group  of  New-Yodc,  or  with  those  which  were 
identical  with  species  common  to  the  Trenton  limestcme  and  Hudson- 
river  group,  that  the  conclusion  was  unavoidable  that  the  two  were 
of  the  same  age.  It  would  seem,  however,  that  some  of  the  Trenton 
species  are  fbund  in  a  lower  position  than  in  New- York ;  and  that 
the  subdivision  into  BLrdseye*  Black-river,  and  Trenton  Umestone^ 
is  not  as  clearly  marked  in  Tennessee  as  it  is  further  to  the  east  and 
northeast. 

In  this  connection,  -Prof  Hall  exhibited  sections  and  diagrams, 
and,  by  illustrations  from  a  geological  map  of  the  United  States* 
showed  that  the  loweir  silurian  limestones,  or  those  known  as  Chasy, 
Birdseye,  Black-river,  and  Trenton  lipiestones,  thinned  out  in  a 
northwesteiiy  direction,  till  they  were  less  than  one  hundred  feel 
thick  on  the  north  shore  of  Lake  Michigan  and  the  west  shore  of 
Ghreen  Bay ;  that  in  Wisconstn,  they  were  less  than  seventy-five  feet 
thick ;  and  at  the  Falls,  of  St.  Anthony,  on  the  Mississippi  river,  they 
were  less  than  iif^y  feet  thick.  In  Tennessee,  the  same  strata,  as  far 
as  seen,  were  two  hundred  feet  thick,  and  the  base  had  not  yet  been 
reached. 

In  like  manner,  thelludson-river  group  gradually  thins  out  in  the 
west  and  northwest,  its  sandy  portions  ^appearing  in  Canada  West; 
and  though  eight  hundred  feet  thick  in  New- York,  is  less  than  two 
hundred  on  the  north  shore  of  Lake  Michigan,  and  disappears  en- 
tirely in  Wisconsin.  In  Tennessee,  the  rocks  corresponding  in  posi- 
tion are  nearly  all  of  limestone,  and  have  a  thickness  of  about  three 
hundred  feet.  The  strata  succeeding  these  lower  silurian  limestones 
are  known  as  the  Gray  limestone.  From  this  limestone,  forty-two 
species  of  fossils  had  been  collected,  of  which  twenty-seven  were 
known  species,  and  common  to  the  rocks  of  New- York  as  well  as 
Tennessee.  But  what  was  very  remarkable,  was  the  feet  that,  of  these 
twenty-seven  species,  several  were  of  the  Niagara  group,  or  those 
known  only  in  &e  rocks  of  that  period,  while  others  were  known 
only  in  the  Lower  Helderberg  limestones;  and  others  still  were 
found  only  in  the  Upper  Helderberg  limestones,  or  the  Onondaga 
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and  Comiferous  limestones  :  thus  showing  that  rocks  of  the  Middle 
and  Upper  Silurian  periods,  and  of  the  Devonian  period,  were  here 
united  in  one,  or  that  the  formation  was  altogether  so  uniform  and 
homogeneous  that  no  subdivision  could  be  made ;  that  the  Onondaga- 
salt  group  of  New- York,  having  a  thickness  of  eight  hundred  or .  a 
thousand  feet,  has  .entirely  disappeared ;  and  that  the  Niagara  and 
Lower  Helderberg  limestones  thus  come  in  contact.  And  again,  from 
the  absence  of  the  Oriskany  sandstone  and  the  Cauda-galli  grit,  the 
Lower  and  Upper  Helderberg  limestones  are  united ;  and  thus  the 
three  limestones,  so  widely  separated  in  New- York,  become  pl^- 
sically  one  limestone  in  Tennessee. 

Prof.  Hall  showed  that  each  of  these  periods  in  New- York  were 
marked  by  the  presence  of  more  than  three  hundred  species  of  fos^ 
sils,  and  that  very  few  of  these  passed  from  one  group  to  the  next ; 
showing  conclusively  that  they  were  distinct  formd,tions,  and  of  dis- 
tinct and  succeeding  creations.  He  remarked  that  this  collection  of 
fbesils  afforded  some  evidence  of  the  influence  of  latitude  upon  the 
development  of  animal  life,  and  that  climatic  influences  had  prevailed 
at  that  early  period  as  well  as  in  subsequent  ones.  Of  the  lower 
•ilurian  species,  one  half  were  new,  or  unknown  ip  the  rocks  of 
New- York  of  the  same  age,  from  which  four  hundred  species  vrere 
already  known.  In  comparing  the  proportion  of  new  species  from 
the  northern  and  northwestern  localities,  there  were  scarcely  more 
than  ten  per  cent  of  new  species ;  while  at  the  same  distance  to  the 
southwest,  the  proportion  was  ten  times  as  great.  Whether  or  not 
this  proportion  would  hold  true  on  further  examination,  it  could  not 
now  be  determined ;  but  since  so  many  specimens  had  been  col- 
lected, and  over  such  wide  areas,  it  was  evident  that  there  were 
most  incontestible  proofs  of  the  occurrence  of  a  larger  number  of 
species  in  localities  of  the  same  extent  at  the  south,  than  in  northern 
localities.  This  difference  was  therefore  to  be  accounted  for  either 
from  climatic  agencies,  or  from  other  circumstances  more  favorable 
to  the  development  of  species  in  the  southern  than  in  the  northern 
localities. 
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5.  On  some  of  the  Thermal  Waters  of  Asia  Minor  ;  with  am 
Account  of  the  Nature  of  their  Locality  and  Composition. 
By  Prof.  J.  Lawrence  Smith*  of  the  Uaiveraity  of  Louisiana. 

This  is  a  continuation  of  a  series  of  examinations  on  this  subject, 
part  of  which  has  already  been  published.  This  paper  comprises, 
first,  the  water  of  Yalova,  near  the  gulf  of  Nicomedia,  and  that 
have  been  for  many  ages  in  more  or  less  repute,  and  have  recently 
been  again  brought  to  notice.  They  are  celebrated  in  history  for  the 
cure  of  St.  Helena,  the  mother  of  Constantino  the  Great.  Tempera- 
ture of  water  151**  to  15G®  Fahr.    Sp.  grav.  1,00115. 

OOMFOBinOir  in  GRAlUfEB. 

1  litre  :  Sulphate  of  soda ,807 

Sulphate  of  lime ,414 

Chloride  of  sodium ,072 

Chloride  of  calcium ,068 

Sulphate  of  magnesia ,006 

Sulphate  of  alumina « . .  trace. 

Silica ,085 

A  g9B  escapes  from  the  sources,  of  which  there  are  about  nine.  The 
gas  contains,  in  100  parts,  nitrogen  97,  oxygen  3.  These  waters 
resemhle  those  of  Bath,  in  England* 

Waters  of  Hierapolh,  These  are  about  one  hundred  and  twenty 
miles  south-southeast  of  Smyrna,  and  are  amidst  the  ruins  of  the 
ancient  city  of  Hierapolis.  This  place  is  celebrated  for  its  wonder- 
ful encrustations  from  these  springs,  which  cover  the  sides  of  the 
hill  for  upwards  of  a  mile  in  length.  The  temperature  of  the  water 
is  130^  Fahr.,  and  sp.  grav.  1,00143.  In  one  litre,  it  contains,  in 

grammes, 

Bicarbonate  of  soda 078 

Bicarbonate  of  lime 1 ,868 

Bicarbonate  of  magnesia ,041 

Chloride  of  calcium ,020 

Sulphate  of  soda ,841 

Sulphate  of  lime •     ,119 

Sulphate  of  magnesia ,481 

Phosphate  pf  lune ,012 

Silica 008 

The  encrustation  of  the  spring,  in  one  hundred  parts,  contaiiis» 


Carbonate  of  lime ,982 

SiUca ,006 

Magnesia ) 

Phos{)hate  of  lime >•     ,012 

Fluoride  of  oaloium ) 
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Waier9  of  Eski-Skehr.  These  waters  are  in  the  ancient  plains  of 
Dorjlaeum,  and  about  one  hundred  and  thirty  miles  from  the  sea  of 
Marmora,  and  as  manj  south. of  the  Black  sea.  Its  temperature, 
119^  Fahr.;  sp.  grav.  1,00017.  Contains  but  a  yeiy  small  amount 
of  solid  matter.  In  one  litre, 

Bicarbonate  of  soda ,219 

Bicarbonate  of  lime ,078 

Sulphate  of  soda ,021 

Sulphate  of  lime ,029 

Chloride  of  calciam trace. 

SUiea ,006 

Thermal  Wafers  of  Troy,  Near  the  plains  on  which  this  ancient 
city  once  stood,  are  several  warm  springs,  most  of  them  saline. 
Two  were  examined,  and  exhibited  the  same  composition.  In  one 
litre,  there  are,  in  grammes. 

Carbonate  of  lime ,1220 

Sulphate  of  soda ,0607 

Sulphate  of  lime ,0640 

Chloride  of  calcium 1t,fiU78 

Chloride  of  magneeium ,7031 

Bromide  of  magnesium .......  traee. 

Chloride  of  iron tnwe. 

Silica ,0600 

Chloride  of  sodium 17 ,4460 

Thermal  Waterg  of  MeiyUne,  On  this  island  there  are  a  number 
of  thermal  sources,  and  the  island  exhibits  abundant  evidence  of 
volcanic  action.  Two  sources  were  examined  :  the  KeUmyeh  (hh 
Imjak  source  contains,  in  one  litre,  in  gramrnes* 

Bicarbonate  of  lime 2460 

Sulphate  of  soda 0867 

Sulphate  of  lime ,0380 

Chloride  of  sodium 6610 

Chloride  of  calotum •*     ,0866 

Cliloride  of  magnesium ,1 629 

Silica ,0160 

The  other  source  examined  is  called  Souzla  :  its  temperature  is 
1 170  Fahr. ;  and  the  composition  of  one  litre  is,  in  grammes, 

Oarbonats  of  lime ,0912 

Sulphate  of  soda 1 ,4626 

Sulphate  of  lime ^  l',8000 

Sulphate  of  alununa 0,0221 

Chloride  of  sodium  .........  28,0260 

Chloride  of  calcium 2 ,0040 

Chloride  of  magnesium 0,2028 

Carbonate  of  iron 0,0038 

Bromide  of  magnesium miuate  quaAtil7. 
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€.   On  tub  Ezibtbnci  of  Diluvial  Agencibs  dobhig  Tm  Earlooi 
Gbolooical  Pebiods.    By  Fbanklin  B.  Houob,  M.  D. 

The  abrading  and  polishing  action  of  moying  maBses  of  rock,  apon 
superficial  strata,  has  operated  so  generally,  that  it  may  be  Baid 
to  present  one  of  the  most  conunon  and  familiar  of  geological  phe- 
nomena, and  has  usually  been  considered  as  peculiar  to  the  drift 
period  and  other  still  later  epochs  in  our  earth's  history. 

The  object  of  this  communication  is  to  state  a  few  facts,  tending 
to  prove  that  the  causes  which  produced  these  appearances  have 
operated  in  exceedingly  remote  periods,  and  at  great  intervals. 

An  instance  is  mentioned  by  Professor  Emmons,  in  his  Agricul- 
tural Report,  vol.  1,  p.  217,  in  which  polished  and  grooved  surfaceB 
occurred  between  strata  of  Trenton  limestone,  at  Plattsburgh,  and 
Cumberland  Head  on  Lake  Champlain,  and  at  a  locality  thirty  miles 
south  of  these  places.  Id  these  cases  the  rock  above  is  stated  to  be 
in  lithological  characters  and  fossils  similar  to  that  below,  and  that 
the  inferior  surface  of  the  upper  layer  presented  an  exact  cast  in 
relief  of  the  one  below. 

I  have  observed  several  instances  of  a  similar  character  in  North- 
em  New- York,  which,  from  the  evidence  they  furnish  of  the  action 
of  denuding  causes  in  early  periods,  are  worthy  of  special  record. 
One  of  the  moat  interesting  of  these  localities,  and  one  that  would 
equally  repay  the  visit  of  the  geologist  and  the  tourist,  is  at  Deer 
River  Falls,  one  mile  below  the  village  of  Copenhagen,  in  Lewis 
county,  N.  Y. 

The  river  is  here  precipitated  down  a  dhasm  in  the  Trenton  lime* 
stone,  to  a  depth,  it  is  said,  of  270  feet.  Near  the  bottom  of  these 
cliffs,  the  sections  in  the  strata  present  in  several  places,  and  at 
different  leveh,  a  peculiar  waved  line^  produced  by  the  removal  of 
portions  of  the  upper  surface  of  a  stratum,  the  lower  side  of  whidi 
remains  level.  The  uniformity  of  stratification  is  not  disturbed  either 
above  or  below.  In  several  instances  the  rock  above  has  been  re- 
moved, presenting  continuous  furrows,  three  or  four  inches  deep 
and  a  foot  broad,  witl|  an  uniform  and  parallel  coarse  in  this  instanoe 
varying  but  little  from  west  to  east. 

The  depth  and  uniformity  of  these  grooves,  with  the  want  of  po- 
lish upon  their  surface,  would  indicate  that  the  rock  had  not  acquired 
solidity  at  the  time  of  their  formation.  Quite  a  number  of  wayed 
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lines  may  be  seen  on  the  face  of  tfae  precipice  at  this  place,  with 
intervening  level  strata  many  feet  in  thickness ;  thns  indicating  a 
repetition  of  the  causes,  with  intervening  periods  of  repose. 

A  similar  occnrrence  may  be  noticed  in  the  road  one  mile  west 
of  Champion  village,  Jefferson  county,  in  which  the  direction  of  the 
furrows  is  also  east  and  west.  Other  localities  precisely  similar  may 
be  seen  below  the  bridge  on  Deer  river,  between  Denmark  and 
Champion ;  and  on  both  branches  of  Mill  creek,  above  the  village  of 
Lowville.  At  the  last  mentioned  place,  the  direction  of  the  furrows 
is  nearly  north  and  south. 

The  occurrence  of  these  furrows  at  localities  many  miles  apart, 
is  sufficient  to  convince  the  careful  observer  that  they  were  pro- 
duced by  agencies  that  operated  with  uniformity  over  extensive 
surfaces. 

All  of  these  abrasions  occur  near  the  base  of  the  Trenton  Itme- 
Btone  ;  and  at  Lowville,  they  are  but  a  few  feet  above  the  stratum 
corresponding  with  the  Isle  la  Motte  marble. 

A  more  interesting  and.  characteristic  locality  of  furrowed  sur- 
faces underlaying  rocky  strata,  was  first  noticed  by  Mr.  W.  £.  Guest, 
of  the  village  of  Ogdensburgh,  about  a  mile  above  that  place,  near 
the  St.  Lawrence  river,  and  between  strata  of  Calcifercus  sand- 
stone. The  rock  below  this  is  a  coarse  gritty  sandstone,  mostly 
without  fossils ;  while  that  above  is  an  impure  limestone,  contain- 
ing the  Euomphalus  uniangulatust  a  fossil  'characteristic  of  the 
Calciferous  sandstone,  and  several  undetermined  coralloids.  It  forms 
a  durable  building  stone,  and  has  been  long  used  in  making  lime. 
The  specimens  exhibited  were  procured  at  this  place,  and  present, 
as  may  be  seen,  two  series  of  scratches  crossing  at  an  angle  of 
about  45°.  The  deeper  and  older  grooves  extend  from  KNE  to 
SSW,  while  the  slighter  and  more  reebnt  ones  extend  from  10°  W 
of  N  to  10^  £  of  S.  The  marks  of  attrition  are  quite  as  distinct  as 
18  ever  noticed  on  superficial  rock,  and  were  evidently  made  afler 
the  stratum  had  acquired  a  solidity  quite  equal  to  that  which  it  now 
possesses.  At  one  point  on  the  shore  of  the  St.  Lawrence,  the  point 
of  contact  between  the  strata  which  contain  the  scratches  may  be 
seen  at  low  water. 

At  the  locality  where  the  specimens  were  procured,  the  furrows 
are  seen  passing  horizontally  under  an  abrupt  terrace  of  the  coarse 
limestone  about  twenty  feet  high ;  but  the  exact  point  of  contact 
was  not  seen,  it  being  covered  by  a  wall.  The  surface  of  the  rock 
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above  exhibits  here  no  marks  of  abraaioni  although  elsewhere  it 
preserves  them  with  g^eat  distinctness.  After  a  careful  study  of  the 
locality,  I  have  not  the  slightest  doubt  but  that  the  terrace  of  lime- 
stone overlays  the  grooved  and  polished  rock  in  question.  At  a 
locality  one  mile  east  of  the  village  of  Hammond*  in  St.  Lawrence 
county,  an  appearance  quite  similar  may  be  noticed. 

These  instances,  although  insufficient  to  decide  the  disputed 
question  of  the  manner  in  which  th6  abrading  forces  acted,  at  least 
indicate  that  they  existed,  and  operated  with  the  same  effect,  and 
doubtless  under  the  same  circumstances,  during  the  eras  of  the 
Calciferous  sandstone  and  Trenton  limestone,  as  in  the  Drift  period. 


7.  On  the  Terraces  and  Sea-Bbacheb  that  have  BBBif  formeo 
SINCE  THE  Drift  Period,  especially  those  along  the  Con- 
necticut River.      By   Edward  Hitchcock,   D.  D.,    LL.  D., 

President  of  Amherst  College. 

Two  years  ago,  I  called  the  attention  of  the  Association  to  this  sub- 
ject, soon  after  I  commenced  its  examination.  Since  that  time  I  bare 
been  collecting  facts,  both  in  this  country  and  in  Europe,  and  at- 
tempting to. mature  my  conclusions.  Last  year  I  presented  the  sub- 
ject briefly  to  the  British  Scientific  Association,  at  their  meetiog 
held  in  Edinburgh.  I  do  not  propose  in  this  paper  to  attempt,  to 
much  extent,  a  detail  of  the  facts  collected,  but  rather  to  state  tbs 
leading  conclusions  to  which  I  have  been  brought,  with  a  brief  sum- 
mary of  facts.  Terraces  are  of  three  kinds  : 

1.  River  Terracen^  the  most  perfect  of  all ;  formed  along  the  sides 
and  at  the  mouths  of  rivers,  and  especially  in  basins.  Of  four  kinds : 
1.  The  Lateral  terrace ;  2.  The  Delta  terrace ;  3.  The  Gorge  ter- 
race ;  4.  The  Glacis  terrace,  the  latter  the  most  perfect  in  the  Tal- 
lies of  the  Alps.  Most  of  the  details  in  this  paper  relate  to  Rirer 
terraces. 

2.  Lake  Terraces.  Sometimes,  as  in  the  small  lakes  of  New- York, 
diese  seem  to  be  merely  the  lateral  terraces  of  an  expansion  of  a 
former  river ;  sometimes,  more  probably,  ancient  beaches,  on  shores 
of  the  lake,  as  around  our  larger  lakes. 

3.  All  terraces  that  cannot  be  referred  to  rivers  or  lakes,  must  be 
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considered  as  Sea  beaches.  Tlie  most  perfect  are  those  now  existing 
along  our  shores.  As  we  ascend  they  become  less  distinct;,  until  the 
highest  cannot  be  distinguished  from  drift. 

General  Characteristics  of  the  Terraces  and  Sea  Beaches. 

1.  The  moat  perfect  terrace  is  an  alluvial  meadow,  whicli  I  call 
the  lowest  terrace. 

2.  Ascending  from  the  meadow,  we  find  successively  terrfices  of 
clay  and  sand,  of  fine  pebbles,  of  coarse  pebbles ;  then  a  sea  beash 
of  sand  or  gravel,  with  boulders  inteimixed ;  and,  finally,  a  coarse 
drift,  highest  and  deepest  of  all.  (Refer  to  drawings.) 

Origin  of  the  Materials. 

1.  Mainly  from  the  drift;  so  that  terraces  may  usually  be  re- 
grarded  as  modified  drift. 

2.  From  erosions  of  the  rocks  by  water  and  ice. 

Details  of  Facts. 

1.  J»  this  country.  My  researches  have  been  mostly  confined  to 
the  Northern  States,  and  mainly  to  New-England. 

[  Show  a  map  of  the  terraces  along  Connecticut  river ;  also  of  the  basin  of 
Deerfield  river,  and  of  Westfield  river ;  around  the  gorge  at  Brattleboro',  and  at 
Bellows  falls ;  along  Fort  river  in  Amherst  and  Pelham.  ] 

2.  In  Europe.  In  Wales,  few  terraces,  but  decisive  marks  of  an- 
cient glaciers. 

In  England,  terraces  not  well  marked.  Beaches  not  unfrequent. 

In  Scotland,  the  terraces  and  associated  phenomena  resemble 
those  in  the  United  States. 

In  Germany,  along  the  Rhine,  are  terraces ;  ex.  gr.  between  Bonn 
mnd  Cologne  (near  the  former),  a  terrace  15  or  20  feet  high,  formed 
by  the  river  gradually  changing  its  bed.  Above  these  are  b^ds  of 
coarse  sand  and  gravel.  Between  Bonn  and  Mayence  are  numerous 
examples  of  terraces,  rarely  more  than  two ;  sometimes  beaches 
above  them.  Terraces  not  unfrequent  in  the  wider  parts  of  the  val- 
ley above  Bingen.  Beyond  Heidelberg  to  Basle,  terraces  are  occa- 
sionally seen,  and  now  and  then  a  beach  at  a  higher  level.  Above 
Basle^  terraces  are  numerous,  the  two  lowest  very  distinct :  beaches 
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higher  up.  AmoDd  Bmges,  wliere  die  rtTen  Reuse  and 
unite  with  the  Aar,  terraces  are  fiae.  The  highest  terraoes  on  the 
Bhine,  above  Basle,  are  as  mnch  as  300  feet  above  die  ri^er,  and 
1200  feet  above  the  ocean.  I  noticed  beaches  certainly  as  liigh  as 
940  feet  above  the  river,  and  1915  above  the  ocean*  Three  or  ibor 
terraces  around  Lake  Zurich  :  the  highest  I  fonnd  380  feet  above 
the  lake,  and  1734  above  the  ocean.  (Zurich  lake  1342  feet  above 
the  sea.)  An  imperfect  beach  2165  feet  above  the  ocean. 

Between  Lucerne  and  Berne,  terraces  are  abundant ;  the  highest 
1705  feet  above  the  sea,  and  325  above  the  lake,  with  beaches 
above  them  :  say  the  highest  2274  fe^  above  the  sea,  Lnceme  be- 
ing 1380  feet. 

Between  Berne  and  Vevay,  terraces  are  frequent,  with  sea  beaches 
away  from  the  rivers.  Highest  beach  (Berne  1856  feet)  2667  feet 
above  the  ocean. 

Three  or  four  terraces  (not  fully  continuous)  on  the  north  and 
west  shores  of  Lake  Leman,  begiuing  at  Lausanne  and  reaching  to 
Greneva. 

Between  Geneva  and  Chamouny,  terraces  are  numerous  along 
die  Arve.  Between  Lake  Leman  and  the  Arve,  the  highest  is  140 
feet  above  the  lake,  and  1370  above  the  ocean.  At  Sallenche  the 
highest  is  550  feet  above  Leman,  and  1810  above  the  ocean.  At 
Chamouny  are  some  terraces  (in  a  basiD)  3270  feet  above  the  ocean. 
At  Argentiere  are  others  4100  feet,  and  at  La  Tour  others  4353 
feet  above  the  ocean.  On  the  £au  Noire,  in  the  pass  of  Tete  Noire, 
the  highest  is  4218  feet.  None  on  the  Rhone  around  Martigny  : 
valley  remarkable. 

Phenomena  in  Switzerland  and  Sardinia  similar  to  those  in  North 
America,  except  that  modem  glaciers  have  covered  the  terraces  in 
some  places  with  moraines.  In  the  great  valley  of  Switzerland,  I 
saw  but  slight  traces  of  former  glaciers  :  the  drift  there  mostly  mo- 
dified as  in  this  couotry. 

In  Scandinavia,  the  surface  has  been  subject  to  a  seesaw  movement 
since  the  terraces  were  formed  (See  a  paper  by  Robert  Chambers,  in 
the  New  Edinburgh  Philosophical  Journal  fer  January,  1850). 

In  Ireland,  osars  are  common,  as  well  as  unmodified  drifk. 
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CONCLUSIONS. 


1.  For  the  most  part,  the  terraces  and  beaches  lie  above  the  un* 
stratified  drift,  and  were  therefore  subsequently  formed;  yet  in  some 
instances  the  drift  is  mixed  with  the  laminated  and  modified  mate- 
rials, and  erratic  blocks  are  strewed  over  the  same,  shewing  that  the 
drift  agency  recurred  occasionally  in  connection  with  the  modify- 
ing "gency. 

2.  These  beaches  and  terraces  have  been  formed  chiefly  by  the 
action  of  water,  modified  in  some  cases,  perhaps,  by  ice.  Proov  1.. 
The  sorting  of  the  materials,  so  that  the  fragments  or  pebbles  should 
be  only  of  a  certain  size  in  the  different  terraces.  2.  The  horizon- 
tal arrangement  and  more  or  less  level  tops  of  the  terraces,  and 
glacis-form  of  the  beaches.  3.  The  rounded  form  of  the  coarser  * 
fragments,  and  the  comminuted  state  of  the  finer  portions  of  the  ter- 
races. 4.  The  large  boulders,  and  especially  the  trains  of  angular 
fragments  sometimes  mixed  with,  or  strewed  over  the  terraces  and 
beaches,  as  well  as  those  rounded  hills  and  depressions  and  ridges 
sometimes  called  iceberg  moraines,  indicate  the  presence  of  ice  as 
icebergs,  in  the  waters. 

3.  The  beaches,  and  perhaps  some  of  the  highest  terraces,  were 
formed  by  the  waves  and  currents  of  the  ocean ;  while  the  lower  ter- 
races were  formed  in  lakes,  or  the  expansions  of  our  present  rivers 
as  they  gradually  wore  away  their  barriers.  Proof  1.  If  the  wa- 
ters rose  high  enough  to  form  the  beaches,  they  must  have  been 
oceanic,  because  these  beaches  are  so  high  that  no  banier  could 
have  been  interposed  between  them  and  the  present  ocean.  2.  Many 
of  the  most  recent  terraces  are  so  low,  and  so  cut  off  by  rocky  bar- 
riers from  tke  ocean,  save  through  the  gorge  of  a  river,  that  the  wa- 
ters of  the  sea  could  not  have  formed  them ;  because  it  could  have 
reached  them  only  through  that  rocky  gorge. 

4.  The  whole  work  seems  lo  have  been  the  result  of  the  gradual 
and  slow  drainage  of  the  country  as  it  rose  from  the  ocean,  or  the 
ocean  withdrew  from  it. 

5.  A  slow  and  equably  vertical  movement  of  the  continents  or 
the  waters  is  sufficient  to  account  for  the  formation  of  most  of  the 
beaches  and  terraces,  without  supposing  the  sudden  bursting  of  bar- 
riers, or  pauses  in  the  movement.  Proof  1.  Show  how  river  ter- 
races are  now  filming  by  the  streams  wearing  away  one  of 
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banks,  and  depositing  a  meadow  on  the  opposite  side.     2.  Show 
how  delta  terraces  might  have  been  formed,  by  the  gradual  Mrith- 
drawment  of  the  waters  of  a  lake,  or  estuary,  laying  bare  a  terrace, 
through  which  the  river  must  now  cut  its  way.  In  doing  this  it 
would  also  form  lateral  terraces,  in  the  way  they  are  now  forming 
in  alluvial  regions.  A  case  of  this  sort  has  actually  occurred  in 
Switzerland  (See  Chambers'  pamphlet  on  the  terraces  of  the  Rhine 
and  the  Rhone).     3.  Lateral  terraces  might  be  formed  below  the 
mouth  of  a  tributary  stream,  by  the  current  of  the  main  river  car- 
rying downwards  some  of  the  materials  brought  down  to  form  the 
delta.     4.  When  the  highest  terrace  had  been  laid  bare  at  the  mouth 
of  a  river,  the  waters  would  carry  forward  materials  to  form  a  se- 
cond  terrace  at  a  lower  level.  If  the  principal  stream  continued  to 
deepen  its  bed,  this  terrace  would  at  length  reach  the  surface,  mnd  in 
the  same  manner  a  third  and  a  fouith  might  be  formed.     5.  Many 
lakes,  like  those  in  New- York,  seem  to  have  been  only  expansions 
in  rivers,  and  terraces  may  have  been  formed  along  their  borders  as 
above  explained.    6.  The  sediment  which  is  now  being  carried  in- 
to the  ocean  by  the  rivers,  is  swept  lengthwise  of  the  coast,  and 
forms  a  level-topped  terrace  :  if  the  land  is  rising,  it  wiU  at  length 
reach  the  surface  when  no  more  sediment  can  be  deposited  upon  it ; 
but  the  sediment  will  be  carried  iuto  deeper  water,  where  a  new 
terrace  will  be  formed  ;  while  the  breakers,  as  the  ocean  sinks,  wiU 
act  on  the  margin  of  the  upper  terrace  and  make  it  steep.  In  the 
same  way  the  terraces  may  have  been  formed  around  our  larger 
lakes,  as  their  outlets  were  gradually  deepened. 

6.  Paroxysmal  vertical  movements  may  occasionally  have  oecar- 
red,  while  these  slow  operations  have  gone  on ;  and  these  would 
modify  the  processes,  and  produce,  it  may  be,  some  terraces,  ex. 
gr.  the  Parallel  Roads  of  Glen  Roy. 

7.  It  is  difficult,  if  not  impossible,  to  draw  a  line  between  drift 
and  modified  drift,  such  as  constitutes  beaches  and  terraces.  Indeed, 
the  drift  agency  seems  to  have  resumed  its  activity  in  some  places, 
long  after  the  beaches  and  terraces  began  to  be  formed  ;  ex.  gr. 
1.  Where  coarse  drift  and  clay  or  sand  are  intermixed ;  2.  The 
trains  of  blocks  in  Richmond,  Mass* 

8.  Hence  the  drift  agency,  and  that  which  formed  the  beaches 
and  terraces,  appear  to  be  only  modified  fbrms  of  the  same  agency. 
1.  In  forming  the  coarse  drift,  ice  appears  to  have  been  the  prind- 
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pal  agent.  No  one,  I  should  think,  could  examine  the  Alps,  without 
being  satisfied  of  this.  But  still  in  our  country  the  coarsest  drift  not 
unfrequently  shows  the  conjoint  action  of  water  in  sorting  and  lami- 
nating the  materials.  The  aqueous  action  seems  to  have  increased, 
and  that  of  ice  to  have  diminished  until  it  has  ceased,  save  in  winter 
floods.  2.  In  the  Alps  and  Wales  we  see  drift  formed  wholly  by 
glaciers ;  but  such  drift  differs  a  good  deal  from  that  of  the  United 
States,  of  Scotland,  and  even  of  the  g^reat  valley  of  Switzerland- 
We  have  no  genuine  moraines  in  this  country  :  what  have  been 
called  such,  are  modified  drift.  3.  If  we  could  get  access  to  the 
floor  of  the  Arctic  ocean,  I  fancy  that  we  should  find  that  coarse 
drij^  was  forming  there,  similar  to  what  is  strewed  over  our  country ; 
though  it  laay  yet  be  proved  that  glaciers  have  existed  on  some  of 
our  mountains  as  they  rose  from  the  sea.  Between  the  enormous 
icebergs  of  the  Northern  ocean  and  glaciers,  there  can  be  little 
difference-— I  mean  as  to  their  action  and  effects— save  that  we  should 
see  the  action  of  water, -modifying  somewhat  that  of  ice,  in  the  case 
of  icebergs. 

9.  According  to  these  views,  we  see  the  reason  why  the  older 
drift  is  entirely  destitute  of  organic  remains.  Those  said  to  occur 
in  it  (ex.  gr.  in  Vermont,  Brooklyn,  Portland,  &c.),  belong  to  a 
very  late  period  of  alluvial  agency. 

10.  Hence  drift  and  alluvium  constitute  only  one  distinct  and  un- 
interrupted formation. 

11.  Hence  the  alluvial  formation  may  be  of  different  ages  in  dif- 
ferent countries,  depending  upon  the  time  when  they  were  raised 
above  the  ocean.  The  deposite  may  be  nearly  as  old  as  the  rock  over 
which  it  is  spread  ;  which,  in  our  country,  embraces  the  whole  geo- 
logical series. 

12.  The  time  that  has  elapsed  since  the  drift  was  formed,  has  been 
immense.  Proof  1.  Scarcely  the  lowest  of  the  terraces  has  been 
formed  since  the  memory  of  man.  2.  Cases  of  erosions  show  the 
same ;  but  these  will  be  better  described  in  my  paper  on  "  Ero- 
sions." 

13.  The  Historic  Period  can  have  been  only  a  small  portion  of 
the  Alluvial  Period. 
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8.  On  tse  Geoloot  and  General  Character  of  the  Meebsouavm 
IN  THE  Plains  of  Eski-Shebr  (Asia  Minor).  By  ProfeswHr  J. 
Lawrence  Smith. 

This  substance  is  found  hi  the  ancient  plain  of  Dorylaeam,  now 
called  EskuShehr.  It  is  found  at'yarious  depths  in  a  species  of  cal- 
careous breccia,  containing  masses  of  the  rocks  of  the  surroundiiig 
mountains,  where  we  find  all  that  is  found  in  the  phduj  except  the 
meerschaum,  the  origin  of  which  I  am  inclined  to  attribute  to  a 
change  produced  upon  carbonate  of  magnesia  by  waters  cootainii^ 
silex.  It  was  doubtless  explored  at  this  very  place  by  the  ancieoi 
Greeks  :  the  use,  however,  that  they  made  of  it,  is  unknown  to  us. 
The  companies  who  now  explore  it  are  Tuiks,  and  those  who  labor 
are  paid  proportional  to  what  is  extracted ;  and  as  the  value  of  this 
substance  increases  greatly  in  proportion  to  the  size  of  the  inasSy  the 
business  is  of  a  very  precarious  nature,  and  in  many  instances  is  a 
cause  of  great  loss  to  the  miners.  At  other  times  they  procure  pieces 
affording  large  marketable  specimens,  and  their  profits  then  are 
jHToportionally  good.  Its  mining  i&  carried  on  with  the  same  eager- 
ness>  and  its  yield  is  as  precarious  as  that  of  gold. 

[  Specimens  were  exhibited,  showing  both  its  miBeralogical  and 
geological  character.] 

The  principal  mines  in  the  plcun  are  Remicklich,  twenty-seven 
miles  north  of  Eski-Shehr,  where  the  shafbs  are  from  ninety  to  one 
hundred  and  twenty  feet  deep  ;  Kdrdneh,  fifteen  miles  east  of  Eski- 
Shehr,  which  is  an  old  Greek  mine,  and  has  shafts  from  sixty  to 
ninety  feet  deep  ;  NemhekereTf  fifteen  miles  west  of  Eski-Shehr,  and 
one  near  Rutayah.  The  two  first  are  worked  at  present.  Karaneh* 
recently  recommenced,  is  yielding  well ;  and  the  third  is  abandoned* 
on  account  of  the  rapidity  with  which  the  water  flows  into  it. 

In  sinking  a  shaft  in  these  places,  the  meerschaum  is  found  from 
the  surface  down ;  but  that  near  the  surface  has  not  the  requisite 
properties,  being  hard  and  chalky,  and  does  not  yield  readily  to  the 
pressure  of  the  nail  as  good  meerschaum  does. 
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9.    Remarks  on  the  Litholooical  and  PALiEONTOLooicAL  Cha-* 

RACTERS  OF  THE  PoTSDAM  SaNDSTONE.     By  T.  S.  HuNT,  of  the 

Geological  CommiBsion  of  Canada. 

Thb  formation  designated  by  the  geologists  of  New-Tork  as  the 
Potsdam  sandstone,  is  displayed  along  the  base  of  the  crystalline 
rocks  from  ,Mal  Bay  thirty  leagues  below  Quebec,  to  near  Kingston 
at  the  outlet  of  Lake  Ontario.  The  Rideau  eanal,  which  extends  from 
Kingston  to  Bytown,  cuts  across  the  western  edge  of  a  lower  silurian 
ba^in.  which  lies  between  the  Ottawa  and  St.  Lawrence  rivers.  Upon 
Lake  Huron,  this  formation  is  met  with  on  the  n<Hthern  shore  of  the 
lake,  resting  aimost  horiEontally  upon  that  series  of  unconformable 
copper^iearing  roeks  which  has  been  described  by  Messrs.  Looan 
and  Murray  as  consisting  of  quartz  rook  interstratified  with  slates, 
limestones,  conglomerates  and  greenstones,  and  which  reposes  upon 
the  formation  of  syenitic  gneiss  and  crystalline  limestone  which 
extends  from  Labrador  to  Huron,  and  northwest  to  the  Arctic  Sea. 

From  the  outcrop  of*  the  sandstone  which  is  seen  on  tlie  Rideau 
canal,  it  is  traced  around  the  soyth  side  of  the  basin  towards  the  east, 
where  it  is  developed  on  the  western  shore  of  Lake  Champlain,  and 
is  known  as  the  Potsdam  sandstone.  Throughout  this  extent  it  is 
generally  undisturbed;  but,  as  might  be  expected,  differences  of 
lithological  character  are  met  with  :  from  the  inequalities  of  surface 
in  the  underlying  unconformable  rock,  moreover,  a  difficulty  is  oflen 
met  with  in  ascertaining  the  character  of  those  beds  which  may  real- 
ly be  at  the  base  of  the  formation.  Grenerally,  however,  it  may  be 
asserted  that  beds  of  conglomerate  lie  at  the  base  in  its  eastern 
development.  As  we  go  westward,  the  distinction  in  lithological 
character  between  this  rock  and  the  overlying  calciferous  sandrock 
is  less  definedi  and  somewhat  calcareous  beds  are  met  with  in  the 
former ;  while  upon  Lake  Huron,  the  formation  is  represented  by 
only  about  forty  feet  of  reddish  and  greenish  sandstones  and  marls, 
which  are  considerably  calcareous  towards  the  top ;  and  at  Sault 
Ste.  Marie  there  is  a  large  mass  of  reddish  sandstone,  in  some  parts 
conglomerate  in  its  character. 

In  the  western  part  of  the  silurian  basin  which  lies  between  the 
Ottawa  and  the  St.  Lawrence,  the  sandstone  over  limited  areas  is 
sometimes  strongly  impregnated  with  peroxide  of  iron,  which  is 
occasionally  found  in  thin  seams  or  beds  in  a  pure  state,  constituting 
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red  haematite.  These  features  are  explained  by  a  reference  to  the 
l^uginous  springs  which  are  still  found  issuing  from  the  crystalline 
rocks  of  the  country,  and  which  often  cement  large  areas  of  gravel 
with  the  deposited  oxide,  and  sometimes  form  beds  of  limonite  and 
iron  ochre. 

Hitherto  no  fossils  in  this  ^rmation  had  rewarded  our  search, 
other  than  those  described  and  figured  by  Mr.  Hall  ;  until  a  year 
since,  when  the  attention  of  Mr.  Logan  was  called  by  Mr.  IL  Abra- 
ham, of  Montreal,  to  certain  footmarks  upon  the  beds  of  thia  sand- 
stone, at  Beauhamais.  Casts  of  these,  and  specimens  of  the  stone 
Itself,  bearing  the  footprints,  were  carried  last  winter  by  Mr.  Logan 
to  London,  and  submitted  to  the  critical  examination  of  Pro£OwEir, 
whose  expressed  opinion  that  they  are  those  of  a  reptile,  and  pro- 
bably a  chelonian,  is  well  known  to  the  members  of  the  Association. 
I  have  only  to  add  that  thift  season  similar  tracks  have  been  discovered 
in  large  numbers,  and  at  distances  several  miles  apart.  There  is  a 
great  diversity  in  their  size,  but  they  agree  in  their  general  charac- 
ters*. The  beds  containing  them  are  lying  at  a  very  small  angle,  and 
are  overlaid  by  undoubted  calciferous  standstone,  containing  two 
species  of  Maclurea,  one  the  M.  matutina  figured  by  Mr.  Hall  ; 
while  to  this  formation  succeeds  the  Trenton  and  its  associaite  lime- 
stones, with  their  characteristic^fossils^ 

Mr.  Hunt  remarked  that  although  the  discovery  of  traces  of  a 
reptile  in  the  lowest  rocks,  now  recognized  to  be  fossilifeious,  was 
a  new  and  startling  fact  for  those  who  have  supported  the  idea  of 
progressive  development,  it  was  pne  for  which  the  progress  of  mo- 
dern geology  had,  to  some  exteijt,  prepared  us.  He  alluded  to  the 
remains  of  fishes  which,  for  about  twenty  years,  were  unknown  below 
the  coal,  but  have  been  successively  brought  down  through  the  De- 
vonian, Upper  and  Lower  Silurian  formations.  The  remains  of  fishes 
are  more  recently  announced  as  existing- even  in  the  Bala  limestonest, 
which  may  be  considered  the  analogues  of  some  of  the  lower  portioiis 
of  our  Silurian  rocks,  if  we  regard  the  Potsdam  sandstone  as  the 
representative  of  the  Obolus  sandstone  in  Russia,  and  the  Linguk 
beds  of  Wales. 


*  Since  the  above  was  written,  the  exaqiiination  of  a  large  number  of  these 
footmarkp  baa  led  Prof.  Owkn  to  change  his  opinion,  and  to  declare  them  to  be 
the  traces  of  crustaceaua. 

f  The  foflsils  of  the  Bala  limestone,  upon  wbieb  thia  condotton  was  based,  have 
iinoe  been  shown  to  be  fragments  of  cmstacesitt,  and  not  fiihea 
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The  rare  occurrence  of  animal  remains  in  these  sandstones  which, 
in  Russia  and  Scandinavia,  us  well  as  in  America,  are  found  at  the 
base  of  the  formations  hitherto  recognized  as  fossiliferous,  is,  per- 
haps, one  reason  why  they  have  hitherto  been  regarded  as  dating 
from  the  very  commencement  of  animal  existence ;  but  when  we 
remember  that  the  superior  sandstones  of  the  silurian  rocks,  the  old 
and  new  red,  are  alnuwt  equally  destitute  of  animal  remains,  we  are 
inclined  to  look  for  some  other  rei^on  to.  explain  their  absence  from 
siliceous  deposites.  The  remains  of  vegetables  are  not  unfrequently 
found  in  them,  and  the  bony  skeletons  of  fishes  embalmed  in  the 
bituminous  product  of  the  decomposition  of  their  integuments  are 
^und  in  a  high  state  of  preservation ;  but  the  phenomena  which  we 
bave  to  explain,  is  the  absence  of  the  calcareous  coverings  of 
moHusca  and  crustaceans.  And  this,  I  think,  may  be  accounted  for 
by  the  action  of  atmospheric  waters  charged  with  carbonic  acid, 
which  are  capable  of  taking  into  solution  a  considerable  quantity  of 
carbonate  of  lime.  The  abrading  action  of  a  sharp  siliceous  sand  is 
also  to  be  taken  into  accoiut,  which,  where  it  does  not  destroy  the 
shells,  renders  them  more  easily  affected  by  the  solvent.  Such  being 
the  case,  it  would  only  be  in  those  beds  which  ^contain  a  portion  of 
finely  divided  calcareous  matter,  presented  to  the  water  in  a  readily 
soluble  form,  that  we  might  expect  to  find  the  shells  escaping  the 
dissolving  action ;  and  conformably  to  this,  we  find  that  those  beds 
of  the  Potsdam  sandstone  which  are  somewhat  calcareous,  contain, 
in  great  profusion,  their  peculiar  fossil  shells.  These  considerations, 
coupled  with  the  abundance  of  fucoidal  remains  and  the  footmarks 
lately  discovered,  permit  us  to  suppose  that  this  lower  formation 
was  not,  afler  all,  so  destitute  of  organic  life  as  has  hitherto  been 
imagined.  Akid  when  I  add,  that  there  is  not  wanting  evidence  of  the 
sedimentary  origin  of  the  crystalline  limestones  and  syenitic  rocks 
which  underlie  these  sandstones,  it  will  be  conceded  that  neither  the 
inferior  position  of  the  formation,  nor  the  paucity  of  organic  remains, 
can  be  adduced  as  arguments  against  the  supposition  that  its  epoch 
was  one  prolific  in  living  existence,  and,  perhaps,  long  subsequent 
to  the  commencement  of  life  upon  our  planet. 


10.    On  the  Metamorphic  Coalfield  of  Massjicbusetts.     By 

President  E.  Hitchcock. 

[Not  received] 
18 
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11.    On  the  Passage  of  Anticlinal  Axes  into  Faults.     By 
Prof.  W.  B.  RooERSi  of  the  University  of  Virginia. 

[  Not  received.] 


12.    On  the  Geoloot  of  Emert  and  Corundum.    By  Prof.  J. 

Lawrence  Smith. 

This  communication  is  meant  simply  for  the  purpose  of  introducing 
a  series  of  specimens  demonstrating  the  geology  of  that  important 
mineral,  emery.  The  mass  of  observations  made  by  me  in  Asia  Minor 
have  already  been  made  public,  so  that  only  such  additional  observa- 
tions as  have  been  made  are  here  given.  The  constant  occurrence  of 
corundum,  emery,  and  its  associates  in  the  old  crystalline  limestone, 
has  since  been  observed  in  this  mineral  coming  from  Siberia,  South 
America,  and  all  parts  of  the  United  States  ;  and  with  it  has  been 
found  more  or  less  of  these  minerals,  as  I  had  stated  would  be,  in 
all  probability,  after  the  observations  made  in  Asia  Minor. 

From  Liberia,  corundum  has  been  obtained,  associated  with  tour- 
maline  and  emerylite ;  and  doubtless,  could  observations  be  made 
on  the  spot,  many,  if  not  all  the  minerals  that  I  caU  associate  mine- 
rals of  emery,  would  be  found. 

In  the  United  States  there  has  been  found  emerylite,  hydrargilite, 
pholerite,  titaniferous  iron,  and  tourmaline  associated  with  corundum. 
The  process  of  the  formation  of  corundum,  during  the  consolida- 
tion of  the  limestone  on  which  it  is  found,  has  been  also  observed 
in  this  country,  strengthening  the  observations  made  in  Asia  Minor. 
The  process  of  segregation  is  seen  beautifully  in  the  corundum  of 
New- Jersey,  where  segregated  masses  of  hydrated  alumina  are 
found,  in  the  centre  of  which  are  seen  crystals  of  corundum.  As  yet, 
in  none  of  the  corundum  localities  of  this  country  have  I  been  able 
to  find  emery ;  which  is  a  curious  fact,  not  easily  explained,  espe- 
cially as  the  same  thing  is  true  with  reference  to  localities  of  the 
corundum  of  other  countries. 


13.  Notes  on  the  G-eolooical  Structure  of  Western  Vermont 
AND  Massachusetts.    By  Prof.  W.  B.  Rogers,  of  the  University 

of  Virginia. 

[  Not  received,] 


GEOLOGY.  276 


14.    On  the  Distribution  op  Manganese.    By  D.  A.  Wells, 

Esq.,  of  Cambridge. 

The  occurrence  of  pebbles  and  water- worn  stones  in  many  of  the 
streams  and  water-courses  of  New-England,  which  have  their  origin 
among  and  run  over  igneous  and  metamorphic  rocks,  is  by  no  means 
uncommon,  and  has  doubtless  attracted  the  attention  of  every  ob- 
server. When  the  bed  of  a  stream  in  which  they  occur  is  examined, 
the  colored  pebbles  and  stones  will  be  found  at  intervals,  generally 
after,  or  below  a  fall  or  rapid,  and  not  immediately  above.  This 
coloring  matter,  which  is  wholly  superficial,  and  of  different  degrees 
of  lustre,  is  due  to  an  incrustation  of  the  black  oxide  of  manganese, 
and  occurs  independently  on  almost  every  variety  of  stone. 

In  the  Edinburgh  New  Philosophical  Journal  for  July,  1851,  Dr. 
John  Davt  calls  attention  to  somewhat  similar  incrustations  in  Eng- 
land, of  which  he  says  as  follows  :  **  Though  always  superficial,  in 
one  spot,  the  incrustation  is  so  thick  as  to  be  available  for  use;  and  in 
this  instance  the  black  oxide  of  manganese  acts  as  a  cement,  forming 
a  bed  of  conglomerate  several  feet  thick.  Whence  this  incrustation 
18  derived,  or  how  produced,  is  not  obvious.  Restricting  the  view  to 
the  spots  where  it  occurs,  it  might  be  supposed  to  be  a  deposit  from 
running  water.  But  when  it  is  seen  that  the  coloring  matter  is  not  to  be 
detected  on  rocks  in  situ,  the  fixed  rocks  in  the  course  of  the  stream, 
the  idea  ceases  to  be  tenable ;  and  the  inference  seems  to  be  una- 
Toidable,  that  the  sand,  pebbles  and  stones  thus  colgred  have  been 
incrusted  with  the  oxide  before  they  had  been  carried  down  to  the 
spots  where  they  are  found  loose ;  or  when  in  the  form  of  conglo- 
merate, that  the  cementing  oxide  has  been  brought  there  by  water 
exuding  from  some  rock  or  stratum  containing  manganese  in  a 
minor  degree  of  oxidation,  and  acquiring  the  higher  degree  by  the 
absorption  of  oxygen,  and  at  the  same  time  the  cementing  quality.'' 
Dr.  Davy  also  infers  from  such  incrustations,  that  the  oxide  of 
manganese  exists  in  the  vicinity  in  large  quantities,  and  advises  a 
special  inquiry  in  search  of  it.  ' 

Before  the  publication  of  the  article  referred  to,  by  Dr.  Davy,  the 
subject  of  these  incrustations  had  attracted  the  attention  of  Dr. 
A.  A.  Hayes  of  Boston,  and  myself;  and  we  believe  the  following 
to  be  a  full  and  satisfactory  account  of  the  origin  of  this  phenome- 
non : 
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The  manganese  exists  in  almost  all  the  igneous  and  metamorphic 
rocks  of  New-England,  and  I  may  say  in  other  parts  of  the  world, 
generally  in  form  of  a  double  carbonate  of  lime  and  manganese. 
When  the  waters  of  the  springs,  ponds  and  rivers  flowing  over  these 
rocks,  become  charged  with  soluble  organic  matter,  in  the  state  of 
crenic,  apocrenic  or  humic  acids,  drained  into  them  from  swamps 
and  peat-meadows  in  conseqa^ice  of  rains  or  inundations,  the  car- 
bonates of  lime  and  manganese  enter  into  solution.  At  such  txmes 
manganese  may  be  generally  detected  in  these  waters,  as  has  been 
done  by  Dr.  C.  T.  Jackson,  Dr.  Hates,  and  others^  When  tbe  water 
holding  the  manganese  in  solution  becomes  broken  and  thrown  np 
in  the  passage  of  falls  and  rapids,  and  consequently  exposed  to  the 
influences  of  the  atmosphere,  the  manganese  passes  from  a  low  state 
of  oxidation  to  the  insoluble  peroxide,  and  is  deposited  for  a  con- 
siderable extent  upon  the  rocks  and  pebbles  below.  It  thus  upon 
examination  will  be  found,  that  at  intervals  in  the  bed  of  the  stream, 
the  stones  ore  completely  blackened  or  discolored,  while  in  other 
places  no  such  depositions  can  be  observed.  Beautiful  examples  of 
this  phenomenon  may  be  seen  at  some  points  upon  the  Merrimac 
river,  and  indeed  in  almost  every  brook  and  rivulet  in  New-England. 
I  have  also  noticed  similar  depositions  between  the  divisional  strata 
planes  of  sandstones  in  the  valley  of  the  Connecticut ;  thus  ahowing 
that  apparently  the  same  agencies  were  at  work  during  the  deposi- 
tion of  these  rocks,  as  are  at  the  present  day. 

As  an  example  of  the  extent  to  which  manganese  occurs  in  some 
of  the  metamorphic  rocks  of  New-England,  I  submit  an  analysis  of 
an  altered  rock,  occuring  somewhat  extensively  in  the  neighboxhood 
of  Nahant.  The  analysis  was  made  at  my  request  by  Mr.  John 
Hague  of  the  Cambridge  Laboratory,  and  afterwards  verified  by 
Mr.  Joseph  Ela.  Its  composition  was  as  follows  : 

8iO» 62.17 

Fe«0» 9,78 

Mn«0»  ,;..  26.72 

A1«0» 8,48 

CaO 0,87 

.  MgO 0,60 

HO 2,02 

Total 100,09 
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15.  On  the  Geological  Agency  of  the  Winds.   By  Lieutenant 

M.  F.  Maurt,  U.  S.  Navy. 

Nature  is  a  whole,  and  all  the  departments  thereof  are  intimately 
connected.  If  we  attempt  to  study  in  one  of  them,  we.  find  ourselves 
tracing  clues  which  lead  us  off  insensibly  into  others,  and,  before 
we  are  aware»  we  find  ourselves  exploring  the  chambers  of  some 
other  department. 

The  study  of  drift  takes  the  geologist  out  to  sea*  and  reminds  him 
that  a  knowledge  of  waves,,  winds  and  currents,  of  navigation  and 
hydrography,  are  closely  and  intimately,  connected  with  his  favorite 
pursuit. 

The  astronomer  directs  his  telescope  to  the  most  remote  star,  or 
to  the  nearest  planet  in  the  sky,  and  makes  an  observation  upon  it. 
He  cannot  reduce  this  observation,  nor  make  any  use  of  it,  until  he 
has  availed  himself  of  certain  principles  of  optics  ,*  until  he  has  con- 
sulted the  thermometer,  guaged  the  atmosphere,  and  considered  the 
effect  of  heat  in  changring  its  power  of  refraction.  In  order  to  adjust 
the  pendulum  of  his  clock  to  the  right  length,  he  has  to^measure  the 
water  of  the  sea  and  weigh  the  earth  :  he  too  must  therefore  go  into 
the  study  of  the  tides ;  he  must  examine  the  earth's  crust,  and  con- 
sider the  matter  of  which  it  is  composed  from  pole  to  pole,  cir- 
cumference to  centre ;  and  in  doing  this,  he  finds  himself  in  his 
researches  right  alongside  the  navigator,  the  geologist  and  the 
meteorologist,  with  a  host  of  other  good  fellows,  each  one  holding  by 
the  same  thread,  and  following  it  up  to  the  same  labyrinth,  where 
are  stores  of  knowledge  for  all,  and  instruction  for  each  one  in  par- 
ticular. And  thuS;  in  undertaking  to  follow  the  **  wind  in  his  circuits'' 
over  the  ocean,  I  have  found  myself  standing  side  by  side  with  the 
geologist  on  land,  and  with  him  far  away  from  the  sea-shore,  en- 
gaged in  considering  some  of  the  phenomena  which  the  inland 
basins  of  the  earth — ^those  immense  indentations  on  the  surface  that 
have  no  sea  drainage — present  for  contemplation  and  study. 

Among  the  most  interesting  of  these,  is  that  of  the  Dead  Sea. 
Lieutenant  Lynch,  U.  S.  Navy,  has  run  a  level  from  that  sea  to  the 
Mediterranean,  and  finds  the  former  to  be  about  1300  feet  below  the 
general  sea  level  of  the  earth.  In  seeking  to  account  for  this  great 
difference  of  water-level,  the  geologist  examines  the  neighboring 
region,  and  calls  to  his  aid  the  forces  of  elevation  and  depression 
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which  are  supposed  to  have  resided  in  the  neighborhood  ;  he  then 
points  to  them,  as  the  agents  which  did  the  work.  They  are  migbty 
agents,  and  they  have  diversified  the  surface  of  the  earth  with  the 
most  towering  monuments  of  their  power.  But  is  it  necessary  to 
suppose  that  they  resided  in  the  vicinity  of  this  region  ?  May  they 
not  have  been,  if  not  in  this  case,  at  least  in  the  case  of  other  inland 
basins,  as  far  removed  as  the  other  hemispihere  ?  This  is  a  question 
which  I  do  not  pretend  to  answer  definitively.  But  the  inquiry  as  to 
the  geological  agency  of  the  winds  in  such  cases,  is  a  question  ivhich 
my  investigations  have  suggested ;  and  I  therefi)re  present  it  as  one 
which,  in  accounting  for  the  formation  of  this  or  that  inland  basin, 
is  worthy,  at  least,  of  consideration. 

Is  there  any  evidence  that  the  annual  amount  of  precipitation 
upon  the  water-shed  of  the  Dead  Sea,  at  some  former  period,  was 
greater  than  the  annual  amount  of  evaporation  ?  If  yea,  where  did 
the  vapor  that  supplied  that  precipitation  come  from,  and  what  has 
cut  off  that  supply  1  The  mere  depression  of  the  lake  bed  would 
not  do  it. 

If  there  were  ever  a  river  from  the  Dead  Sea  to  the  arms  of  the 
ocean  about  it,  we  may  imagine  that  river  to  have  abounded  with 
falls,  as  the  rivers  do  which  drain  the  lakes  into  the  Atlantic.  And 
if  we  establish  the  fact  that  the  Dead  Sea  did  ever  send  a  river  to 
the  ocean,  we  carry  along  with  it  the  admission,  that  when  that  sea 
overflowed  into  that  river,  then  the  water  that  fell  from  the  clouds 
over  the  Dead  SeU  basin  was  more  than  the  winds  could  convert 
into  vapor  and  carry  away  agun  :  the  river  carried  off  the  excess  to 
the  ocean. 

In  the  basin  of  the  Dead  Sea,  in  the  basin  of  the  Caspian,  of  the 
Sea  of  Aral,  and  in  the  other  inland  basins  of  Asia,  we  are  entitled 
to  infer  that  the  precipitation  and  evaporation  are  at  this  time 
exactly  equal.  Were  it  not  so,  the  level  of  these  seas  would  he  rising 
or  sinking.  If  the  precipitation  were  in  excess,  these  seas  would  be 
gradually  becoming  fuller ;  and  if  the  evaporation  were  in  excess, 
they  would  be  gradually  drying  up  :  but  observation  does  not  show, 
nor  history  tell  us,  that  either  is  the  case.  As  far  as  we  know,  the 
level  of  these  seas  is  as  permanent  as  that  of  the  ocean,  and  it  is 
difficult  to  realize  the  existence  of  subterranean  channels  between 
it  and  the  g^eat  ocean.  Were  there  such  a  channel,  the  Dead  Sea 
being  lower,  it  would  be  the  recipient  of  ocean  waters ;  and  we 
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cannot  conceive  how  it  should  be  such  a  recipient,  without  ultimate- 
ly rising  to  the  level  of  its  feeder. 

It  may  perhaps  be  evident  that  the  question  suggested  by  my 
researches  has  no  bearing  upon  the  Dead  Sea ;  that  local  elevations 
and  subsidences  alone  were  concerned  in  placing  the  level  of  its 
waters  where  it  is.  But  is  it  probable  that,  throughout  all  the  geolo- 
gical periods,  during  all  the  changes  which  have  taken  place  in  the 
distribution  of  land  and  water  surface  over  the  earth,  the  winds, 
which  in  the  general  channels  of  circulation  pass  over  the  Dead 
Sea,  have  alone  been  unchanged  ?  Throughout  all  ages,  periods  and 
formations,  is  it  probable  that  the  winds  have  just  brought  as  much 
moisture  as  they  now  bring,  and  have  just  taken  up  as  much  water 
from  it  as  they  now  carry  off^  It  is  possible.  But  because  the 
agency  of  the  winds  may  have  had  nothing  to  do  in  placing  the  level 
of  the  Dead  Sea  where  it  is,  does  it  therefore  follow  that  the  con- 
sideration of  this  question  would  be  irrelevant  in  the  attempt  to 
account  for  the  level  of  the  water  reservoirs  of  other  inland- basins  I 

Where  does  the  water,  which  falls  from  the  clouds  upon  the 
valley  of  the  great  North  American  lakes,  come  from  t  It  goes  into 
the  sea,  and  out  of  the  sea  it  must  come  again ;  else  "  the  sea  would 
be  full."  From  what  part  of  the  «ea,  therefore,  do  the  clouds  get 
vapor  to  make  rain  of  for  the  lake  country  9 

The  researches  conducted  at  the  National  Observatory  with  re- 
gard to  the  winds,  have  suggested  the  probability  that  the  vapor 
which  is  condensed  into  rains  for  the  Lake  valley,  and  the  excess  of 
which  the  St.  Lawrence  carries  off  to  the  Atlantic  ocean,  is  evapo- 
rated by  the  SE  trade  winds  of  the  Pacific  ocean.  Suppose  this  to 
be  the  case,  and  that  the  winds  which  bring  this  vapor  arrive  with 
it  in  the  lake  country  at  a  mean  dew  point  of  50^.  This  would  make 
the  S W  winds  the  rain  winds  for  the  lakes  generally,  as  well  as  for 
the  Mississippi  valley  :  they  are  also,  speaking  generally,  the  rain 
winds  of  Europe,  and,  I  have  no  doubt,  of  extra-tropical  Asia  also. 

Suppose  a  certain  mountain-range,  thousands  of  miles  to  the  SW 
of  the  lakes,  but  across  the  path  of  these  winds,  were  to  be  sud- 
denly elevated,  and  its  crest  pushed  up  into  the  regions  o£  snow, 
having  a  mean  temperature  of  30^  Fahr.  The  winds,  in  passing  that 
range,  would  be  subjected  to  a  dew  point  of  30^ ;  and  not  meeting 
with  any  more  evaporating  surface  between  such  range  and  the 
lakes,  they  would  have  no  longer  any  moisture  to  deposite  at  the 
supposed  lake  temperature  of  50^  :  they  could  not  yield  the  dew 
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point  to  anything  abore  80^.  Conaeqnently  tho  preo^italioii  m  lfa« 
lake  country  would  fall  off;  the  winds  Which  feed  the  lakea  wcNild 
cease  to  bring  as  much  water  as  the  lakes  now  gi^e  to  the  St.  Law- 
rence ;  that  river,  and  the  Niag^ara,  would  drain  them  to  the  level 
of  their  bed ;  evaporation  would  be  increasedt  by  reason  of  the 
dryness  of  the  atmosphere  and  the  paucity  of  rain  ;  and  the  lakes 
would  sink  to  that  level,  at  which,  as  in  the  case  of  the  Caspian  Sea, 
the  precipitation  and  evaporation  would  become  equaL  Tbua,  our 
great  lakes  would  remain  inland  seas  at  a  permanent  level ;  the  satr 
Bix»ughtfrom  the  soil,  by  the  washing  of  die  rivers  and.raiaa*  would 
cease  to  be  taken  off  to  the  ocean  as  it  now  is ;  and  finally,  the 
Gkeat  Lakes  too,  in  the  process  of  ages,  wonld  become  first  brack* 
ish,  and  then  briny.  Now  suppose  the  water  basins  wfaidi  hold  the 
lakes  to  be  over  a  thousand  fisithoms, .  6000  feet  deep.  We  know  they 
are  not  nearly,  so  deep ;  but  suppose  them  to  be  6000  feet  deep. 
The  process  of  evaporation,  after  the  St.  Lawrence  had  gone  dry, 
might  go  on  until  one  or  two  thousand  feet  or  m<Nre  ¥rere  loot  firon 
the  surface ;  and  we  should  then  have  another  instanee  of  the  level 
of  an  inland  water  basin  being  far  below  the  sea  level,  as  in  the 
case  of  the  Dead  Sea ;  or  it  might  become  a  rainless  district,  where 
the  lakes  themselves  would  go  dry. 

Corallines  are  at  work  about  the  Gulf  stream  :  they  have  boih 
up  the  Florida  reefii  on  one  side,  and  the  Bahama  banks  on  the 
other.  Suppose  they  should  buOd  up  across  Uiat  pass,  and  obatract 
the  Gulf  stream ;  and  that  in  like  manner  they  were  to  eosnect 
Cuba  with  Yucatan,  by  damming  i^  the  Yucatan  pass,  so  that  the 
waters  of  the  Atlantic  should  cease  to  flow  into  die  Gu]£  What 
should  we  have  % 

The  depth  <^  the  marine  basin  which  holds  the  waters  of  the 
Gtilf,  is,  in  the  deepest  parts,  about  a  diousand  ladioms.  The  oifioers 
of  the  U.  S.  Ship  Albany  have  run  a  line  of  deep  sea-sonndings 
from  west  to  east  across  the  Gulf ;  the  greatest  depth  they  obtained 
%  was  960  fathoms  (5760  feet). 
f  We  should  thorefere  have,  by  stopjMUg  up  the  ^annds  between 

the  Gulf  and  the  Atlantic  not  a  sea4evri  in  the  Gutf,  but  we  sboald 
have  a  mean  levd  between  evaporation  and  piecipitatioD.  If  the 
former  were  in  excess,  the  level  of  the  Gulf  waters  would  sink 
down  undl  die  surface  exposed  to  the  air  would  be  jaat  svfficieat 
to  return  to  die  atmoephere,  as  vapor,  the  amount  of  waier  dis- 
charged by  die  rivers,  the  Mississippi  and  othfln»  into  the  Gntfl  As 
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the  wate»  were  lowered,  tbe  extent  of -ermpaniting  surface  would 
grow  less  and  less,  until  nature  should  establish  the  proper  ratio 
between  the  ability  of  the  air  to  take  up,  and  the  capacity  of  the 
rain  to  let  down.  Thus  we  might  have  a  sea  whose  level  would  be 
much  further  below  the  water  level  of  the  ocean,  than  is  the  Dead 
Sea. 

There  is  still  another  process  besides  the  two  already  alluded  to, 
by  which  the  drainage  of  these  inland  basins  may,  through  the 
agency  of  the  winds,  have  been  cut  off  from  the  great  salt  seas ; 
and  that  is  by  the  elevation  of  continents  from  the  bottom  of  the 
sea  in  distant  regions  of  the  e^th,  and  consequently  the  substitution 
of  a  dry  land  lor  a  water  surface  as  the  sources  of  vapor  supply  to 
the  winds  that  blow  over  the  place. 

From  what  part  of  the  ocean,  I  again  ask,  comes  the  vapor  which 
forms  the  rains  that  fall  on  that  immense  water-shed  to  which  the 
Lakes  give  drainage  ?  My  investigations  have  suggested  the  idea 
that  they  come  from  the .  trade-wind  region  of.  the  South  Pacific 
oeean.  Certain  it  is,  that  they  must  come  fit)m  the  sea,  and  not  from 
the  land ;  for  in  this  view,  I  do  not  consider  that  the  rain  which  falls 
to-day  is  taken  up  straightway  into  the  clouds  to  be  precipitated  to- 
morrow ;  but  I  consider  the  excess  of  the  precipitation  over  the 
evaporation,  which  in  this  case  is  the  volume  of  water  discharged 
by  the  St.  Lawrence  into  the  sea ;  that  is,  the  amount  of  water 
whieh  has  to  be  taken  up  from  the  sea  again,  carried  back  through 
the  air  to  the  Lake  country,  and  precipitated  upon  it.  ^nd  I  there- 
fore repeat  the  question  :  Where,  from  what  portion  of  the  ocean 
Is  it  taken  up  into  the  air  1  It  must  be  taken  up  from  some  portion 
where  the  evaporation  is  greater  than  the  precipitation ;  and  that  is 
only  in  the  trade-wind -region  :  and  it  must  also  be  taken  up  where 
the  mean  temperature,  or  at  any  rate  where  the  mean  dew  point  is 
higher  than  it  is  in  the  Lake  country ;  for  af^  moisture  gets  into 
the  atmosphere,  it  is  only  by  lowering  the  dew  point,  that  we  can 
get  it  out  again. 

Now  suppose  that  a  continent  should  rise  up  in  that  part  of  the 
ocean,  wherever  it  may  be,  that  supplies  the  clouds  with  the  vapor 
that  makes  the  rain  for  the  Lake  water-shed  :  What  would  be  the 
result  ?  Why  surely  a  change  of  climate  in  the  Lake  country  :  an 
increase  of  evaporation ;  because  a  decrease  of  precipitation,  and 
consequently  a  diminution  of  cloudy  screens  to  protect  the  waters  of 
die  lakes  from  being  sucked  up  by  the  rays  of  the  sun ;  and  conoe^ 
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quently,  too,  there  would  follow  a  low  stage  for  water-coones,  and 
a  lowering  of  the  lake  leyeL 

So  far,  I  have  used  the  lakes  only  hypothetically,  that  I  might  the 
better  illustrate  the  bearings  of  the  question  with  which  I  set  out, 
viz  :  Where  have  the  subsidences  and  the  elevations  taken  place, 
that  have  made  an  inland  basin  here,  and  another  there  1  Is  the  seat 
of  this  action  near  by,  or  far  off;  and  what  have  the  winds  had  to 
do  in  cutting  off  the  sea  drainage  of  inland  water-sheds  ? 

But  in  this  hypothetical  case,  with  regard  to  the  basins  of  the 
Gulf  and  Lakes,  I  have  confined  myself  strictly  to  analogies.  Moun- 
tain ranges  have  been  upheaved  across  the  course  of  the  winds, 
and  continents  have  been  raised  from  the  bottom  of  the  sea ;  and, 
no  doubt,  the  influence  of  such  upheaving  has  been  felt^  in  remote 
regions  by  means  of  the  winds,  and  the  effects  which  a  greater  or 
less  amount  of  moisture  brought  by  them  would  produce. 

In  the  case  of  Utah,  we  have  an  example  of  drainage  that  has 
been  cut  off,  and  an  illustration  of  the  process  by  which  nature 
equalizes  the  evaporation  and  precipitation.  To  do  this,  in  this 
instance,  she  is  salting  up  the  basin  which  received  the  drainage  of 
this  inland  water-shed.  Here  we  have  the  appearance,  I  am  told,  of 
an  old  channel  by  which  the  water  used  to  flow  from  this  basin  to 
the  sea.  Supposing  there  was  such  a  time  and  such  a  water  course, 
the  water  returned  through  it  to  the  ocean  was  the  amount  by  which 
the  precipitation  used  to  exceed  the  evaporation  over  the  whole 
extent  of  country  drained  through  this,  now  dry,  bed  of  a  river. 
The  winds  have  had  something  probably  to  do  with  this  :  they  are 
the  agents  which  used  to  bring  more  moisture  to  this  water-shed, 
than  they  took  away ;  and  they  are  the  agents  which  now  carry  t>ff 
from  that  valley,  more  moisture  than  is  brought  to  it,  and  which 
therefore  are  making  a  salt  bed  of  places  that  used  to  be  covered 
by  water.  In  like  manner  there  is  evidence  that  the  Great  American 
Lakes  formerly  had  a  drainage  with  the  Gulf  of  Mexico.  Steamers 
have  been  actually  known,  in  former  years  and  in  times  of  freshets, 
to  pass  from  the  Mississippi  over  into  the  lakes.  At  low  water,  the 
dry  bed  of  a  river  can  be  traced  between  them.  Now  the  Salt  lake 
of  Utah  is  to  the  southward  and  westward  of  our  northern  lake 
basin  :  that  is  the  quarter  whence  the  rain  winds  have  been  sop- 
posed  to  come.  May  not  the  same  cause  which  lessened  the  precipi- 
tation or  increased  the  evaporation  in  the  Salt  lake  water-shed,  have 
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done  the  same  for  the  water-shed  of  the  Great  American  syBtem  of 
lakes] 

If  the  mountains  to  the  west,  the  Sierra  Nevada,  stand  higher  now 
than  they  formerly  did ;  and  if  the  winds  which  fed  the  Salt  lake 
valley  with  precipitation  had,  as  I  suppose  they  have,  to  pass  the 
summits  of  these  mountains,  it  is  easy  to  perceive  why  the  winds 
should  not  convey  as  much  vapor  across  them  now,  as  they  did  when 
the  summit  of  the  ranges  was  lower  and  not  so  cool. 

The  Andes,  in  the  trade-wind  region  of  South  America,  stand  up 
so  high  that  the  wind,  in  order  to  cross  them,  has  to  part  with  all  its 
moisture ;  and  consequently  there  is,  on  the  other  side,  a  rainlesi( 
region.  Now  suppose  a  range  of  such  mountains  as  these  to  be  ele- 
vated across  the  track  of  the  winds  which  supply  the  Lake  country 
with  rains  :  it  is  easy  to  perceive  how  the  whole  country  watered  by 
the  vapor  which  such  winds  bring,  would  be  converted  into  a  rain- 
less region. 

1  have  used  these  hypothetical  cases  to  illustrate  a  position  which 
any  philosopher,  who  considers  the  geological  agency  of  the  winds, 
may  with  propriety  consult,  when  he  is  told  of  an  inland  basin,  the 
water  level  of  which  it  is  evident  was  once  higher  than  it  now  is ; 
and  that  position  is,  that  though  the  evidences  of  a  higher  water- 
level  be  unmistakable  and  conclusive,  it  does  not  follow,  iherefort^ 
that  there  has  been  a  subsidence  of  the  lake  basin  itself,  or  an  up- 
heaval of  the  water-shed  drained  by  it. 

The  cause  which  has  produced  this  change  of  water-level,  instead 
of  being  local  and  near,  may  be  remote  :  it  may  have  its  seat  in  the 
obstructions  which  have  been  interposed  in  some  other  quarter  of 
the  world ;  which  obstructions  may  prevent  the  winds  from  taking 
up,  or  from  bearing  off,  their  wanted  supplies  of  moisture  for  the 
region  whose  water-level  has  been  lowered. 

I  am  not  prepaied  to  maintain  that  the  water-level  of  our  great 
system  of  lakes  has  been  changed  by  any  such  process ;  though  I 
do  not  think  it  improbable.  Nor  am  I  prepared  to  ascribe  the  change 
of  Utah  lake  wholly  to  obstructions,  near  or  remote,  which  have  pre- 
vented the  winds  from  bringing  as  many  and  as  copious  rain-clouds 
as  they  at  some  remote  period  were  wont  to  bring  to  this  valley ; 
though  in  this  case  it  appears  obvious  that  the  precipitation  has  di- 
minished, and  the  evaporation  has  increased ;  and  it  is  not  easily 
perceived  how  a  mere  subsidence  of  the  Lake  basin  would  change 
the  rate  of  evaporation,  or  alter  the  amount  of  precipitation  there. 


( 
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Havxngf  therafbre,  I  hope,  made  dear  the  meaning'  of  the  ques- 
tion proposed,  by  showing  the  manner  in  which  winds  may  become 
important  geological  agents ; .  and  haying  explained  how  the  up- 
heaving of  a  mountain  range  in  one  part  of  the  world  may,  through 
the  windSf  affect  climates  and  produce  geological  phenomena  in 
another,  I  return  to  the  Dead  Sea,  and  the  great  inland  basins  of 
Asia,  and  ask,  how  &r  it  is  possible  for  the  elevation  of  the  South 
American  continent,  and  the  upheaval  of  its  mountains,  to  have  had 
any  effect  upon  the  water-level  of  these  seas  1  There  are  indications 
diat  they  all  once  had  a  higher  water-level  than  they  now  have ;  and 
that  formerly  the  amount  of  precipitation  was  greater  than  it  now 
is  :  then  what  has  become  of  the  soured  of  vapor  ? 

A  chain  of  evidence,  which  it  would  be  difficult  to  set  aside,  can 
be  introduced,  if  required,  to  show  that  the  vapor  which  supplies 
the  extra-tropical  regions  of  the  North  with  rains,  comes,  in  all  pro- 
bability, from  the  trade-wind  regions  of  the  southern  hemisphere. 

The  prevailing  winds  of  the  temperate  zones  blow  towards  the 
poles  :  ihey  are  going  from  wanner  to  cqlder  climates.  Consequent- 
ly their  capacity  for  moisture  is  decreased,  with  their  temperature ; 
and  they  must  precipitate,  in  their  way  from  warmer  to  colder  re- 
gions, more  water  than  they  can  take  up  again. 

The  prevailing  winds  of  the  torrid  zone  blow  towards  the  equa- 
tor :  they  are  going  from  colder  to  warmer  climates.  Their  capacity 
for  moisture  is  therefore  on  the  increase ;  and  they  therefore  must 
evaporate,  from  this  zone,  more  water  than  they  precipitate  upon  it 
again. 

All  the  great  rivers  lie  in  the  northern  hemisphere.  With  more 
land  and  less  water,  its  total  amount  of  precipitation  is  nevertheless 
greater  than  that  of  the  southern  hemisphere. 

The  evaporating  surface  of  sea  water  exposed  to  the  action  of 
the  southeast  trade  winds  exceeds,  several  times  in  extent,  that  i^M>n 
which  the  northeast  trade  winds  are  known  to  play.  These  south- 
east trade  winds,  when  they  arrive  at  the  belt  of  equatorial  calms, 
charged  with  vapor  from  the  sea,  should,  when  they  rise  up  and 
come  over  into  this  hemisphere,  take,  in  consequence  of  the  earth's 
diurnal  motion,  a  direction  to  the  northeast  This  is  the  direcdon 
which  the  rains  of  the  Mississippi  valley  indicate,  and  which  the 
microscope  of  Ehrenberg  has  proved  that  the  southeast  trade  winds 
do  take :  for  in  a  northeasterly  direction  from  the  great  river  haains 
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of  equatorial  Americai  and  in  the  vicinky  of  the  Cape  de  Verd  ^ 

Inlands ;  at  Lyons  and  G^oa ;  in  Malta  and  the  Tyrol ;  showers  of 
the  so-called  scirocco  dust  are  known  to  occur.  That  celebrated  mi- 
croscopist  has  examined,  with  the  utmost  care»  specimens  of  this 
dust ;  and  in  every  specimen  that  has  come  to  his  notice  during  a 
period  of  sixteen  years,  he  has  recognized  the  same  organisms,  the 
same  forms  in  theni  all ;  and  he  traces  the  locus  of  the  gi-eat  major- 
ity of  them  to  the  trade-wind  regions  of  South  America. 

Now,  if  it  be  true  that  the  trade  winds  from  that  part  of  the  worid 
take  up  there  the  water  which  is  to  be  rained  in  the  extra-tropioal 
north,  the  path  ascribed  to  the  southeast  trades  of  Africa  and  Ameri- 
ca, after  they  descend  and  become  the  prevailing  southwest  winds 
of  the  nordiem  hemisphere,  should  pass  over  a  region  of  less  pre- 
cipitation, generally,  than  they  would  do,  if,  while  performing  the 
office  of  southeast  trades,  they  had  blown  over  water  instead  of  land. 
The  southeast  trade  winds,  with  their  load  of  vapor,  whether  great 
or  small,  take,  after  ascending  in  the  equatorial  calms,  a  northeast- 
erly direction  :  they  continue  to  flow  in  the  upper  regions  of  the 
air,  in  that  direction,  until  they  cross  the  tropic  of  cancer.  The 
places  of  least  rain,  then,  between  this  tropic  and  the  pole,  should 
be  precisely  those  places  which  depend  for  their  rains  upon  the  va- 
por which  the  winds  that  blow  over  southeast  trade-wind  Africa  and 
America,  convey. 

Now,  if  we  can  trace  the  path  of  these  winds  through  the  extra- 
tropical  regions  of  the  northern  hemisphere,  we  shall  be  able  to 
identify  it  by  the  footprints  of  the  clouds ;  for  the  paths  of  the 
winds  which  depend  for  their  moisture  upon  such  sources  of  supply 
as  the  dry  land  of  Central  South  America  and  Africa,  cannot  lie 
through  a  country  that  is  watered  well. 

It  is  a  remarkable  coincidence,  at  least,  that  the  countries  in  the 
extra-tropical  regions  of  the  north,  that  are  situated  to  the  northeast 
of  the  southeast  trade  winds  of  South  Africa  and  America ;  that 
the  countries  with  us,  over  which  theory  makes  these  winds  to  blow, 
include  all  the  great  deserts  of  Asia,  and  the  districts  of  least  pre- 
cipitation in  Europe*. 


*  Let  any  one  take  a  map  of  Meroator^s  projection,  and  on  it  draw  lines  from  the 
tropic  of  cancetr  towards  the  north,  to  represent  the  probable  ronte  and  direction 
which  the  trade  winds  of  the  two  southern  continents  take,  in  their  general 
channelfl  of  drcnlation  over  the  northern  continents.  The  country  between  these 
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The  hyetograf^ic  map  of  Europe,  in  Johnston's  beautiful  Physi- 
cal Atlas,  places  the  region  of  least  precipitation  between  these  two 
lines. 

It  would  seem  that  nature,  as  if  to  reclaim  this  "lee"  land  from 
the  desert,  had  stationed  by  the  wayside  of  these  winds  a  succession 
of  inland  seas  to  serve  them  as  a  line  of  relays,  for  supplying  with 
moisture  this  thirsty  air.  There  is  the  Mediterranean  Sea,  the  Cas- 
pian Sea,  and  the  Sea  of  Aral,  all  of  which  are  situated  exactly  in 
this  direction ;  as  though  these  sheets  of  water  were  designed,  in 
the  grand  system  of  aqueous  arrangements,  to  supply  with  fresh  Ta- 
per, winds  that  had  already  left  enough  behind  them  to  make  an 
Amazon  and  an  Orinoco  of. 

The  Andes  were  once  covered  by  the  sea ;  for  their  tops  are  now 
crowned  with  the  remains  of  marine  animals.  When  they  and  their 
continent  were  submerged — admitting  that  Europe  in  general  out- 
line was  then  as  it  now  is — it  cannot  be  supposed,  if  the  circulation 
of  vapor  was  then  such  as  I  suppose  it  now  to  be,  that  the  climates 
of  that  part  of  the  old  world  which  is  under  the  lee  of  those  moan- 
tains,  were  then  as  scantily  supplied  with  moisture  as  they  now  are. 
*  When  the  sea  covered  South  America,  the  winds  had  nearly  all  the 
waters,  which  now  make  the  Amazon,  to  bring  away,  and  to  distri- 
bute among  the  countries  situated  along  the  route  ascribed  to  them. 

Is  there  any  evidence  that  the  basin  which  holds  the  Caspian  sea 
has  been  more  copiously  watered  than  it  is  now  1  There  is  evidence 
in  favor  of  the  probability  that  it  has  been ;  for  portions  of  that  sea 
have  retired,  and  left  salt  beds  behind. 

two  lines  is  the  country  which,  in  the  general  sjrstem  of  atmoepherical  circula- 
tion, lies  under  the  lee  of  southeast  trade-wind  AfHca  and  America.  And  to  3m 
where  this  country  is,  we  have  first  to  ascertain  where  those  two  points  on  the 
equator  are,  between  which  the  southeast  trade  winds  cross,  after  having  tra- 
versed the  greatest  extent  of  land  surface  in  South  America;  and  then  from  these 
points  to  project  lines  in  the  direction  whicH  these  winds  are  supposed  to  tak^, 
after  rising  up  in  the  equatorial  calms.  These  two  points  will  be,  one  near  the 
mouth  of  the  Amazon,  the  other  not  far  from  the  Gallapagos  islands  :  the  part 
of  the  equator  between  them  is  the  part  crossed  by  the  southeast  trades^  after 
having  traversed  the  greatest  extent  of  land  firom  whose  surface  the  supplies  of 
moisture  are  most  scanty.  A  line  from  the  Gallapagos  through  florenoe  in  Italy; 
and  another  from  the  mouth  of  the  Amazon  through  Aleppo  in  Holy  Land, 
would,  after  passing  the  tropic  of  cancer,  mark  upon  the  surface  of  the  earth  the 
route  of  these  winds  :  this  is  that  "lee  country,"  which,  if  such  be  the  system  of 
atmospherical  circulation,  ought  to  be  scantily  supplied  with  rains. 
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If  ever  the  Caspian  sea  exposed  a  larger  surface  for  evaporation 
than  it  now  does ;  if  the  precipitation  in  that  valley  ever  exceeded 
the  evaporation  from  it,  as  it  does  in  all  valleys  drained  into  the 
open  sea ;  then  there  must  have  been  a  change  of  hygrometrical 
condmons  there.  And  admitting  the  vapor-springs  for  that  valley  to 
be  situated  in  the  direction  supposed,  the  rising  up  of  a  continent 
from  the  bottom  of  the  sea,  or  the  upheaval  of  a  range  of  moun- 
tains across  their  route  in  certain  parts  of  America,  Africa  or  Spain ^ 
might  have  been  sufficient  to  rob  the  air  of  the  moisture  which  it 
was  wont  to  carry  away  and  precipitate  upon  this  great  inland  basin. 
See  how  the  Andes  have  made  Atacama  a  desert,  and  of  Western 
Peru  a  rainless  country,  simply  by  the  rising  of  a  mountain  range 
between  these  regions  and  their  vapor-springs. 

That  part  of  Asia,  then,  which  is  under  the  lee  of  southeast  trade- 
winil'  Africa,  lies  to  the  north  of  the  tropic  of  cancer,  and  between 
two  lines,  the  one  passing  through  Cape  Palmas  and  Medina,  the 
other  through  Aden  and  Delhi.  Being  extended  to  the  equator,  they 
will  include  that  part  of  it  which  is  crossed  by  the  continental  south- 
east trade  winds  of  Africa,  after  they  have  traversed  the  greatest 
extent  of  land  surface. 

The  range  which  lies  between  the  two  lines  that  represent  the 
coarse  of  the  American  winds  and  vapors,  and  the  two  lines  which 
represent  the  coarse  of  the  African  winds  and  vapors,  is  the  range 
which  is  under  the  lee  of  winds  that  have  for  the  most  part  traversed 
water  surface,  or  the  ocean,  in  their  circuit  as  southeast  trade  winds. 
But  a  bare  inspection  of  the  chart  will  show  that  the  southeast  trade 
winds  which  cross  the  equator  between  long.  15°  and  50°  W.,  and 
which  are  supposed  to  blow  over  into  this  hemisphere  between  these 
two  ranges,  have  traversed  land  as  well  as  water ;  and  that  it  is  pre- 
cisely those  winds,  which  in  the  summer  and  fall  are  converted  into 
southwest  monsoons  for  supplying  the  whole  extent  of  Guinea  with 
rains  and  rivers.  Those  winds,  therefore,  it  would  seem,  leave  much 
of  their  moisture  behind  them,  and  pass  along  to  their  channels  in 
the  grand  system  of  circulation,  for  the  most  part  as  dry  winds. 
Moreover,  it  is  not  to  be  supposed  that  the  channels  through  which 
the  winds  that  cross  the  equator  at  the  several  places  named,^are  as 
sharply  defined  in  nature  as  the  lines  suggested  would  represent 
them  to  be. 

The  whole  region  of  the  extra-tropical  old  world,  that  is  included 
within  the  ranges  marked,  is  the  region  which  has  most  land  to  wind- 
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ward  of  it  in  the  southern  hemisphere.  Now  it  is  curious  that  all 
the  great  extra-tropical  deserts  of  the  earth,  with  those  regions  in 
Europe  and  Asia  which  have  the  least  amount  of  precipitation  upon 
them,  should  lie  within  this  range.  That  they  are  situated  under  the 
lee  of  the  southern  continents,  and  have  but  little  rain,  may  be  a 
coincidence,  I  admit ;  but  that  these  deserts  of  the  old  world  are 
placed  where  they  are,  is  no  coincidence,  no  ao6ident  :  they  are 
placed  where  they  are,  and  as  they  are,  by  design  ;  and  in  being  so 
placed,  it  was  intended  that  they  should  subserve  some  grand  pur- 
pose in  the  terrestrial  economy.  Let  us  see,  therefore,  if  we  can 
discover  any  marks  of  that  design— -any  of  the  purposes  of  such  an 
arrangement—- and  trace  any  connection  between  that  arrangem^it 
and  the  supposition  which  I  maintain,  as  to  the  place  wh^ice  the 
winds  that  blow  over  those  regions  derive  their  vapors. 

It  will  be  remarked  at  once,  that  all  the  inland  seas  of  Asia, 
and  all  those  of  Europe,  except  the  semi-freshwater  gul&  of  the 
north,  are  within  this  range.  The  Persian  Gulf  and  the  Red  Sea,  the 
Mediterranean,  the  Black  and  the  Caspian,  all  fall  within  it.  And 
why  are  they  planted  there  1  Why  are  they  arranged  to  the  north- 
east and  southwest  under  this  lee,  and  in  the  very  direction  in 
which  theory  makes  this  breadth  of  thirsty  winds  to  prevail  ?  Clearly 
and  obviously,  one  of  the  purposes  in  the  Divine  economy  was,  that 
they  might  replenish  vrith  vapor  the  vrinds  which  are  almost  vapoi^ 
less  when  they  arrive  at  these  regions  in  the  general  system  of 
circulation.  And  why  should  these  winds  be  almost  vaporleaa ;  bat 
that,  when  in  the  general  system  of  circulation  they  come  to  the 
place  for  taking  up  vapor,  the  needful  slipplies  are  not  to  be  had ; 
or  being  obtained,  have  since  been  taken  away  by  the  cool  tops  of 
mountain  ranges  over  which  these  vrinds  have  had  to  pass. 

In  the  Mediterranean,  the  evaporation  is  greater  than  the  pre* 
cipitation.  Upon  the  Red  Sea,  there  never  falls  a  drop  of  rain  :  it  is 
all  evaporation.  Are  we  not  therefore  entitled  to  regard  the  Red  Sea 
as  a  make-weight  thrown  in  to  regulate  the  proportion  of  cloud  and 
sunshine,  and  to  dispense  rain  to  certain  parts  of  the  earth  in  due 
season  and  in  proper  quantities  1  Have  we  not,  in  these  two  ftds, 
evidence  conclusive  that  the  winds  which  blow  over  these  two  seas 
come,  for  the  most  part,  from  a  dry  country,  from  regions  which 
contain  few  or  no  pools  to  furnish  supplies  of  vapor  ? 

Indeed,  so  scantily  supplied  vrith  vapor  are  the  winds  which  pass 
in  the  general  channels  of  circulation  over  the  water-abed  and  sear 
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basin  of  the  MediteiTaiiean,'tfaat  they  take  up  there  more  water  as 
vapor  than  they  deposit.  Throwing  out  of  the  question  what  is  taken 
up  from  the  surface  of  the  Mediterranean  itself,  these  winds  deposit 
more  water  on  the  water-shed  of  that  sea  than  they  take  up  from  it 
again.  The  excess  is  to  be  found  in  the  rivers  which  discharge  into 
the  Mediterranean  ;  but  so  thirsty  are  the  winds  which  blow  across 
the  bosom  of  that  sea,  that  they  not  only  take  up  again  all  the  water 
that  those  rivers  pour  into  it,  but  they  create  a  demand  lor  an  im- 
mense current  from  the  Atlantic  to  supply  the  rest. 

It  is  estimated  that  three*  times  as  much  water  as  the  Mediterra- 
nean receives  from  its  rivers,  is  evaporated  from  it.  This  may  be  an 
overestimate  ;  but  the  fact  is  made  obvious  by  the  current  which 
the  Atlantic  sends  in  through  the  Straits  of  Gibrallco',  that  the  eva- 
poration from  it  is  in  excess  of  the  precipitation ;  and  that  the 
difference,  whether  it  be  much  or  little,  is  carried  off  to  modify 
climate  elsewhere ;  to  refresh  with  showers,  and  make  fruitful,  some 
other  parts  of  the  earth. 

The  great  inland  basin  of  Asia  in  which  are  Aral  and  the  Caspian 
seas  is  situated  on  the  I'oute  which  I  make  these  thirsty  winds  from 
southeast  trade-wind  Africa  and  America  to  take ;  and  so  scant  of 
vapor  are  these  winds  when  they  arrive  in  this  basin,  that  they  have 
no  moisture  to  leave  behind  :  just  as  much  as  they  pour  down,  they 
take  up  again  and  carry  off.  The  level  of  the  Caspian  sea  is  as  per- 
manent as  that  of  the  whole  ocean.  We  know  that  the  volame  of 
water  returned  by  the  winds,  the  rains,  and  the  dews,  into  the  whole 
ocean,  is  exactly  equal  to  the  volume  which  those  seas  give  back  to 
the  atmosphere ;  for  as  far  as  our  knowledge  extends,  the  level  of 
each  of  these  two  seas  is  as  permanent  as  that  of  the  great  ocean 
itsel£ 

These  winds,  therefore,  do  not  begin  permanently  to  lay  down 
their  load  of  moisture,  be  it  great  or  small,  until  they  cross  the 
Oural  mountains.  On  the  steppes  of  Issim  we  find  them  first  begin- 
ning to  lay  down  more  than  they  take  up  again,  after  they  have 
supplied  tbe  Amazon  and  the  other  great  equatorial  rivers  of  the 
South.  In  the  Obi,  the  Yenesi  and  the  Lenit,  is  to  be  found  the 
volume  which  contains  the  expression  for  the  load  of  water  which 
these  winds  have  brought  from  the  southern  hemisphere,  the  Medi- 
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terraaetn  and  the  Red  sea ;  for  in  these  almost  hyperborean  xiYer- 
basins  do  we  find  the  first  instance  in  which,  throughout  the  entire 
range  assigned  these  winds,  they  have,  after  supplying  the  Amazon, 
&;c.,  left  more  water  behind  them  than  they  have  taken  up  again  and 
carried  ofil  The  low  temperatures  of  Siberian  Ada  are  quite  suffi- 
cient to  extract  from  these  winds  the  remnants  of  vapor  wfaidi  the 
cool  mountain  tops  and  mighty  rivers  of  the  southern  hemisphoe 
have  left  in  them. 

Here  I  may  be  permitted  to  pause,  that  I  may  call  attention  to 
the  remarkable  coincidence,  and  admire  the  marks  of  design,  the 
beautiful  and  exquisite  adjustments  that  we  see  here  provided,  to 
ensure  the  perfect  workings  of  the  great  Atmospherical  Machine. 
The  coincidence  is  between. the  hygrometrical  condidona  of  all  the 
countries  within,  and  the  hygrometrical  conditions  of  all  the  coun- 
tries without,  the  range  included  within  the  lines  which  I  have  drawn 
to  represent  the  route  in  this  hemisphere  of  the  southeast  trade  vrinda 
which  have  blown  their  course  over  the  land  in  South  Afirica  and 
America.  Both  to  the  right  and  the  left  of  this  range,  are  countries 
included  between  the  same  parallels  in  which  it  is ;  yet  these  coun- 
tries all  receive  more  water  from  the  atmosphere,  than  they  give 
back  to  it  again  :  they  all  have  rivers  running  into  the  sea.  On  the 
one  hand,  there  are  in  Europe  the  Rhine,  the  Elbe,  and  all  the  great 
rivers  that  empty  into  the  Atlantic  :  on  the  other  hand,  there  are  in 
Asia,  the  Ganges,  and  all  the  great  rivers  of  China ;  and  in  North 
America,  in  the  latitude  of  the  Caspian  sea,  b  our  great  system  of 
fredi-water  lakes  :  all  of  these  receive  from  the  atmosphere  im- 
mense volumes  of  water,  and  pour  it  into  the  sea  in  streams  the 
most  magnificent 

It  is  remarkable  that  none  of  these  copiously  supplied  wator-dieds 
have  to  the  southwest  of  them,  in  the  trade-wind  regions  of  the 
southern  hemisphere,  any  considerable  body  of  land  :  they  are  all 
of  them  under  the  lee  of  evsa^cating  purfsfses,-  of  ooean.  waters,  in 
the  trade-wind  region  of  the  south.  Only  those  countries  in  the  extra- 
tropical  north,  which,  I  have  described  as  lying  under  the  lee  of 
trade-wind  South  America  and  Africa,  are  scantily  supplied  with 
rains. 

The  surfiuse  of  the  Caspian  sea  is  about  equal  to  that  of  oar  lakes : 
in  it,  evaporation  is  just  equal  to  the  precipitation.  Our  lakes  are 
between  the  same  parallels,  and  about  the  same  distance  from  the 
western  coast  of  America  that  the  Caspian  is  from  the  western  coast 
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of  Europe ;  and  yet  the  waters  discharged  by  the  3t  Lawrence  giye 

us  an  idea  of  how  greatly  precipitation  is  in  excess  of  evaporation 

here  with  us.  To  windward  of  the  lakps,  and  in  the  trade-wind  re-  I 

grions  of  the  southern  hemisphere,  is  no  land..  Therefore,  supposing 

that  Quph  as  I  maintain  is  the  course  of  the  vapor-distributing  winds, 

ought  they  not  to  carry  niQre  water  from  the  ocean  to  the  lakes,  than 

from  the .  Ismd. — frpm  the  interior  of  South  A&ipa  and  America— 

to  the  Caspian }    .  * 

In  like  manner,  extra-tropical  Nf^w-Holland  and  South  Africa 
have  each  land — not  water — to  ,tbe  windward  of  them  in  the  trade- 
wind  regions  of  the,  northern  hemisphere,  where  the  vapor  for  their 
rains  ought  to  be  taken  up  :  they  are  both  countries  of  little  rain ; 
but  extra-tropical  South  America  has,  in  the  trade- wind  region  to 
windward  of  it  in  the  northern  hemisphere,  a  great  extent  of  ocean» 
and  the  amount  of  precipitation  in  extra-tropical  South  America 
is  wonderful.  The  coincidence,  therefore,  is  remarkable,  that  the 
countries  in  the  extra-tropical  regions  of  this  hemisphere,  which  lie 
to  the  northeast  of  large  districts  of  land  in  the  trade-wind  regions 
of  the  other  Jbemisphere,  should  be  scantily  supplied  with  rains ;  and 
likewise  that  those,  no  situajied  in  the  extra-tropical  south,  with  re- 
gard to  land  in  the  trade-wind  region  of  the  north. 

Haviiig  thua  remarked  upon  the  coincidence,  let  us  turn  to  the 
evidences  of  .deBign«  and  copteipplate  the  beautiful  harmony  dis- 
played in  the  arrangement  of  the  land  and  water,  as  we  find  them, 
along  this  conjectural  <*  wind-road." 

Those  who  admit  design  among  terrestrial  adaptations,  .or  have 
studied  the  economy  of  cosmical  arrangements,  will  not  be  loth 
to  grant  that  the  atmosphere  keeps  in  circulation  a  certain  amount 
of  mqi9;:i^;:^j,.|;^G^  the  wat^i^s  .of.  w^f^  tjbis  ^oist^^  i§  inade  are 
supplied  by  the  aqueous  surface  of  the  earth,  and  returned  to  the 
seas  again  through  rivers  and  the  process  of  precipitation ;  that  a 
permanent  increase  or  decrease  of  the  quantity  of  water  thus  put 
and  kept  in  circulation  by  the  winds  would  be  followed  by  a  cor- 
responding change  of  hygroraetrical  conditions,  whiph  would  draw 
aftejir.  it  .permanent  changes  of  climate^  Permanent  changes  of  climate 
would  involve  the  ultimate  well-being  of  myriads  of  organbms,  both 
in  the  vegetable^find  animal  kingdoms. 

The  quantity  of  moisture  that  the  atmosphere  keeps  in  circulation 
18,  no  doubt,  just  that  quantity  which  is  best  suited  to  the  well-being, 
and  tat  the  proper  development  of  the  vegetable  and  animal  king- 


292  c.  aBOLooT  and  physical  geography. 

doms ;  and  that  quantity  is  dependent  upon  the  arrangement  that  we 
Bee  in  nature  between  the  land  and  the  water  *-  between  mountain 
and  desert,  river  and  sea.  If  the  seas  and  evaporating  surfaces  were 
changed,  and  removed  from  the  places  they  occupy,  to  other  places, 
the  places  of  precipitation  probably  would  also  be  changed  :  whole 
families  of  plants  would  wither  and  die  for  the  want  of  cloud  and 
sunshine,  dry  and  wet,  in  proper  proportions ;  and,  with  the  blight 
of  plants,  whole  tribes  of  animals  would  also  perish,  and,  under  such 
a  chance  arrangement,  man  would  no  longer  be  able  to  rely  upon 
the  early  and  the  latter  rain,  or  to  count  with  certainty  upon  the 
rains  being  sent  in  due  season  for  seed-time  and  harvest.  And  that 
the  rain  will  be  sent  in  due  season,  we  are  assured ;  and  when  we 
recollect  who  it  is  that  «  sendeth  "  it,  we  feel  the  convicdon  strong 
within  us,  that  He  that  sendeth  the  rain  has  the  winds  for  his  mes- 
sengers ;  and  that  they  may  do  his  bidding,  the  land  and  the  sea 
were  arranged,  both  as  to  position  and  proportion,  where  they  are, 
and  as  they  are. 

It  should  be  borne  in  mind  that  the  southeast  trade  winds,  after 
they  rise  up  at  the  equator,  have  to  overleap  the  northeast  trade 
winds.  Consequently  they  do  not  touch  the  earth  until  near  the  tropic 
of  cancer  *—  more  frequently  to  the  north,  than  to  the  south  of  it ; 
but  for  a  part  of  every  year,  the  place  where  these  vaulting  south- 
east trades  first  strike  the  earth,  after  leaving  the  other  hemisphere, 
is  very  near  this  tropic.  On  the  equatorial  side  of  it,  be  it  remem- 
bered, the  northeast  trade  winds  blow  :  on  the  polar  side,  what  was 
the  southeast  trades,  and  what  is  now  the  prevailing  southwesterly 
winds  of  our  hemisphere,  prevail.  Now  take  a  map  of  the  Eastern 
hemisphere,  and  it  will  be  seen  that  the  upper  half  of  the  Red  Sea 
is  north  of  the  tropic  of  cancer ;  the  lower  half,  to  the  south  of  it  : 
that  the  latter  is  within  the  northeast  trade-wind  region ;  the  former, 
in  the  region  where  the  southwest  passage  vnnds  are  the  prevailing 
winds. 

The  River  Tigris  is  probably  evaporated  from  the  upper  half  of 
this  sea  by  these  winds ;  while  the  northeast  trade  winds  take  up  from 
the  lower  half,  those  vapors  which  feed  the  Nile  with  rain,  and  which 
the  clouds  deliver  to  the  cold  demands  of  the  Mountains  of  the  Moon. 
Thus  there  are  two  "  wind-roads"  crossing  this  sea  :  to  the  wind- 
ward of  it,  each  wind  path  is  through  a  rainless  region ;  to  the 
leeward,  in  each  case,  is  a  river  to  cross. 

The  Persian  Gulf  lies  for  the  most  in  the  track  of  the  southwest 
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winds  :  to  the  windward  of  the  Persian  Gulf  is  a  desert ;  to  the 
leeward,  the  River  Indus.  This  is  the  way  in  which  theory  would 
require  the  vapor  from  the  Red  Sea  and  Persian  Gulf  to  be  con- 
veyed ;  and  this  is  the  way  in  which  we  find  indications  that  it  is 
conveyed.  For  to  leeward  do  we  find,  in  each  case,  a  river,  telling 
to  us  by  signs  not  to  be  mistaken,  that  it  receives  more  water  from 
the  clouds  than  it  gives  back  to  the  winds. 

Is  it  not  a  curious  circumstance  that  the  winds  which  travel  the 
road  suggested  from  the  southern  hemisphere,  should,  when  they 
touch  the  earth  on  the  polar  side  of  the  northern  tropic,  be  so  thirsty, 
more  thirsty,  much  more,  than  those  which  travel  on  either  side  of 
their  path,  and  which  are  supposed  to  have  come  from  southern 
seas,  not  from  southern  lands  1 

The  Mediterranean  has  to  give,  those  winds  three  times  as  much 
vapor  as  it  receives  from  them  :  the  Red  Sea  gives  them  as  much  as 
they  will  take,  and  receives  nothing  back  in  return ;  the  Persian 
Gulf,  doubtless,  gives  more  than  it  receives.  What  becomes  of  the 
rest  ?  Doubtless  it  is  given  to  the  winds^  that  they  may  bear  it  off 
to  distant  regions,  and  make  fruitful,  lands  that  but  for  these  sources 
of  supply  would  be  almost  rainless,  if  not  entirely  arid,  waste  and 
barren. 

These  seas  and  arms  of  the  ocean  now  present  themselves  to  the 
wind  as  counterpoises  in  the  great  hygrometrical  machinery  of  the 
earth.  As  sheets  of  water  placed  where  they  are,  to  balance  the 
land  in  the  trade-wind  region  of  South  America  and  South  Africa, 
they  now  present  themselves.  When  the  foundations  of  the  earth 
were  laid,  we  know  who  it  was  that  '*  measured  the  waters  in  the 
**  hollow  of  his  hand,  and  meted  out  the  heavens  with  a  span,  and 
"  comprehended  the  dUst  of  the  earth  in  a  measure,  and  weighed 
"  the  mountains  in  scales^  and  the  hills  in  a  balance." 

Here  then  we  see  harmony  in  the  winds,  design  in  the  mountains, 
order  in  the  sea,  arrangement  in  the  dust.  Here  are  signs  of  beauty 
and  works  of  grandeur ;  and  we  may  now  fancy,  that  in  this  ex- 
quisite system  of  adaptations  and  compensations,  we  can  almost 
behold  in  the  Red  and  Mediterranean  seas  the  very  waters  that  were 
held  in  the  hollow  of  the  Almighty  hand,  when  He  weighed  the 
Andes  and  balanced  the  hills  in  Africa. 

In  that  great  inland  basin  of  Asia  which  holds  the  Caspian  sea, 
and  embraces  an  area  of  one  million  and  a  half  of  geographical 
aquare  miles  of  land,  we  see  the  water-surface  so  exquisitely  ad- 
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justed,  that  it  is  just  sufficient,  and  no  more,  to  return  to  the 
atmosphere  as  vapor,  exactly  as  much  moisture  as  the  atmosphere 
lends  in  rain  to  the  rivers  of  that  basin. 

Thus  we  may  regard  the  Mediterranean,  the  Red  sea  and  Persian 
gulf  as  relays,  distributed  along  the  route  of  these  thirsty  winds 
from  the  continents  of  the  other  hemisphere,  to  supply  them  with 
vapor,  or  to  restore  to  them  that  which  they  have  left  behind  to  feed 
the  sources  of  the  Amazon,  the  Niger,  and  the  Congo. 

In  contemplating  the  office  of  the  winds  in  the  distribution  of 
moisture' over  the  earth,  we  may  liken  them  to  thessengers  that  are 
heavily  tasked,  being  laden  with  as  much  as  they  can  bear.  The  load 
of  water  given  to  them  to  carry  away  from  the  sea  into  the  recesses 
of  the  most  distant  mountains,  becomes  too  heavy,  and  then  it  is 
precipitated  as  mountain  torrents.  There  i6  then  a  change  of  tem- 
perature :  the  atmosphere  is  invigorated ;  and  straightway  the  winds 
commence  to  lift  up  their  load  again ;  taking  as  before,  a  large  por- 
tion of  that  which  they  had  just  let  down  to  rest. 

A  change  occurs  in  the  sublime  economy,  by  which  to-day  the 
winds  are  relieved  of  their  load  in  one  part  of  the  valley  of  the 
west  :  they  precipitate  and  pass  on.  To-morrow,  fresh  air  arrives ; 
and  it  commences  straightway  to  take  up  this  load  again — to  evapo- 
rate from  leaf,  twig  and  soU,  all  the  moisture  it  cafi  find,  and  to  bear 
it  off  to  make  rains  for  the  Lake  country  or  some  other  land. 

The  change  of  temperature  from  day  to  day  accomplish^  im- 
portant ends  in  the  grand  arrangement  for  giving  circulation  to 
moisture,  and  runs  to  the  earth.  According  to  the  beautifiil  series 
of  observations,  which,  at  my  request,  a  brother  officer*  conducted 
upon  the  habits  of  the  Mississippi  river  as  it  passes  Memphis  in 
Tennessee,  it  appears  that  only  about  one-sixth  of  the  water  that  is 
rained  in  that  valley  reaches  the  ocean  through  that  river.  The  other 
five-sixths  are  taken  up  again  into  the  air,  and  are  carried  ofT  in  the 
general  channels  of  circulation  to  supply  other  systems  of  lake  and 
river  basins. 

The  hypothesis  that  the  winds  from  South  Africa  and  America  do 
take  the  course  through  Europe  and  Asia  which  I  have  marked  oat 
for  them,  is  supported  by  so  many  coincidences,  to  say  the  least, 
that  we  are  entitled  to  regard  it  as  probably  correct,  until  a  train  of 
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coincidences  as  striking  can  be  .adduced  to  shew  that  such  is  not  the 
case. 

Returning  once  more  to  a  consideration  of  the  geological  agency 
of  the  winds  in  accounting  for  the  depression  of  the  Dead  Sea»  we 
now  see  the  fact  most  strikingly  bi*ought  out  before  us,  that  if  the 
Straits  of  Gibraltar  were  to  be  barred  up,  so  that  no  water  could 
pass  through  them,  we  should  have  a  great  depression  of  water-level 
in  the  Mediterranean.  Three  times  as  much  water  is  evaporated 
from  that  sea«  as  is  returned  to  it  through  the  rivers.  A  portion  of 
water  evaporated  Irom  it  is  probably  rained  down  and  returned  to 
it  through  the  rivers ;  but  — -  supposing  it  to  be  barred  up  —  as  the 
demand  upon  it  for  vapor  would  exceed  the  supply  by  rains  and 
rivers,  it  would  commence  to  dry  up.  As  it  sinks  down,  the  area 
exposed  for  evaporation  would  decrease,  and  the  supplies  to  the 
rivers. would  diminish,  until  finally  there  would  be  established  be- 
tween the  evaporation  and  precipitation  an  equilibrium,  as  in  the 
Dead  and  Caspian  seas ;  but  for  aught  we  know,  the  water-level  of 
the  Mediterranean  might,  before  this  equilibrium  were  attained,  have 
reached  a  stage  far  below  that  of  the  Dead  Sea  level. 

The  Lake  Tadjura  is  now  in  the  act  of  attaining  such  an  equili- 
brium :  there  are  connected  with  it  the  remains  of  a  channel  by 
which  the  water  ran  into  the  sea ;  its  surface  is  now  500  feet  below 
the  sea  level,  and  it  is  salting  up.  If  not  in  the  Dead  Sea,  do  we  not, 
in  the  valley  of  this  lake,  find  outcropping  some  reason  for  the 
question,  What  have  the  winds  had  to  do  with  the  phenomena  be- 
fore us  % 

The  winds,  in  this  sense,  are  geological  agents  of  great  power.  It 
is  not  impossible  but  that  they  may  afford  us  the  means  of  com- 
paring, directly,  geological  events  which  have  taken  place  in  our 
hemisphere,  with  geological  events  in  another.  The  tops  of  the  An- 
des were  once  at  the  bottom  of  the  sea.  Which  is  the  oldest  forma* 
tion,  that  of  the  Dead  Sea,  or  the  Andes  1  If  the  former  be  the 
older,  then  the  climate  of  the  Dead  Sea  must  have  been  hygrome- 
trically  very  different  from  what  it  now  is. 

In  regarding  the  winds  as  geological  agents,  we  can  no  longer 
consider  them  as  the  type  of  instability.  We  rather  behold  them  in 
the  light  of  ancient  and  faithful  chroniclers,  which,  upon  being  rig^ 
ly  consulted,  will  reveal  -to  us  trudis  which  nature  has  written  upon 
their  wings  in  characters  as  legible  and  as  enduring  as  she  ever  en- 
graved the  history  of  geological  events  upon  the  tablet  of  the  rock. 
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Prof  RoDOEBS  bas  suggested  the  idea  that  the  salt  of  the  sea  is 
washed  into  it  by  the  rains  and  rivers  from  the  land.  The  waters  of 
Lake  Titicaca,  which  receives  the  drainage  of  the  great  inland  ba- 
sin of  the  Andes,  are  only  brackish,  not  salt.  Hence  we  may  infer 
that  this  lake  has  not  been  standing  long  enough  to  become  brine, 
like  the  waters  of  the  Dead  Sea  :  consequently  it  belongs  to  a  more 
recent  period.  On  the  other  hand,  it  will  also  be  interesting  to  hear 
that  my  friend  Captain  Lynch  informs  me,  that  in  his  exploration 
of  the  Dead  Sea,  he  saw  what  he  took  to  be  the  dry  bed  of  a  river 
that  once  flowed  from  it.  And  thus  we  have  two  more  stout  links, 
and  strong,  to  add  to  the  chain  of  circumstantial  evidence  going  to 
sustain  the  testimony  of  this  strange  and  fickle  witness  which  I  have 
called  up  from  the  sea  to  testify  in  this  presence  concerning  the 
works  of  nature,  and  to  tell  us  which  be  the  older,  the  Andes  watch- 
ing the  stars  with  their  hoary  heads,  or  the  Dead  Sea  sleeping 
upon  its  cubic  beds  of  crystal  salt. 


16.    Fault  in  a  Metallic  Vein  as  seen  at  Sterling  Mine, 
New-Jersey.    By  A.  C.  Farrinoton,  of  Newark,  N.  J. 

In  removing  the  white  limestone  from  the  southeasterly  side  of  the 
zinc  mine  at  Sterling  Hill,  at  the  distance  of  four  feet  and  nine  inches 
from  the  vein  of  red  zinc  ore,  and  parallel  to  the  same,  vfas  found  a 
vein  about  seven  inches  wide,  in  the  white  limestone,  that  exhibits 
a  striking  example  of  the  kind  of  displacement  called  JanU.  The 
metallic  vein  is  one  composed  of  sulphuret  of  zinc,  copper  and  ga- 
lena. The  vein  has  been  removed  at  the  fracture  4}  inches.  A  trace 
like  that  of  a  blacklead  pencil  connects  the  several  parts,  and  the 
displacement  took  place  under  circumstances  highly  &vorable  for 
the  limestone  becoming  again  united  :  it  is  so  completely  solidified, 
that,  from  texture  or  fracture,  no  evidence  can  be  obtained  of  a 
former  displacement. 


17.  On  the  Silt  and  Drainage  of  the  Mississippi  Riter.    By 

Lieut.  M.  F.  Maury,  U.  S.  N. 

[  Not  received,] 
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18.    On  the  Boulder  Hypothesis.    By  Hon.  A.  Osborne,  of 

Alban]^. 

[  Not  received.'] 


19.    On  a  distorted  Quartz  Vein  in  Sienite.    By  A.  C. 

Farrinoton,  of  Newark. 

[  Not  received.] 


20.    On  the  Methods  of  Investigation  adopted  in  the  Geolo- 
OTCAL  Survey  op  Pennsylvania.    By  Prof.  H.  D.  Rogers. 

[  Not  received.] 


21.    On  the  Origin  op  Stratification.    By  D.  A.  Wells,  Esq., 

of  Cambridge. 

The  general  idea  respecting  the  origin  or  cause  of  stratification,  as 
expressed  in  geological  text-books,  or  as  iaferred  from  the  writings 
of  geologists,  seems  to  be  this  :  that  strata,  or  the  so-called  divisions 
of  sedimentary  matter,  have  been  produced  either  by  an  interruption 
of  deposition,  or  a  change  in  the  quality  of  the  material  deposited. 
This  idea  is  well  illustrated  by  the  deposition  of  matter  by  tides  or 
inundations,  its  subsequent  consolidation,  and  a  renewed  deposition 
on  the  plane  of  the  former  deposit.  That  such  is  really  the  cause  of 
stratification  in  many  cases,  I  do  not  dispute ;  but  that  there  are 
other  causes  which  tend  to  produce  and  have  produced  stratification, 
equally  extensive  and  varied,  is,  I  think,  clearly  shown  by  the  fol- 
lowing observations  : 

My  attention  was  first  drawn  to  the  subject  during  the  past  sum- 
mer, while  engaged  in  the  analysis  of  soils.  By  the  process  adopted, 
the  soil  was  washed  upon  a  filter  for  a  considerable  number  of  days, 
in  some  cases  for  a  period  as  long  as  two  weeks,  and  subsequently 
dried  at  a  temperature  of  250°  F.  The  residue  of  the  soil  left  upon 
the  filter,  consisting  chiefly  of  silica  and  alumina,  was  found,  after 
drying,  in  every  instance,  to  be  more  or  less  stratified,  and  that  too  by 
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diviBional  planes,  in  some  cases  not  at  all  coincident  with  any  division 
of  the  materials^  although  this  is  apt  to  take  place.  The  strata  so 
produced  were  in  some  instances  exceedingly  perfect  and  beautifu], 
not  altogether  horizontal,  but  slightly  curved,  and  in  some  degree 
conforming  to  the  shape  of  the  funnel.  The  production  of  laminae 
was  also  noticed,  especially  by  the  cleavage  of  the  strata  produced, 
into  delicate,  thin,  parallel  plates,  when  moistened  with  water.  These 
arrangements,  it  is  evident,  were  not  caused  by  any  interruption  and 
renewal  of  the  matter  deposited,  or  by  any  change  in  the  quality  of 
the  particles  deposited,  but  from  two  other  causes  entirely  distinct, 
and  which  I  conceive  to  be  these  :  first,  from  a  tendency  in  earthy 
matter,  subjected  to  the  filtering,  soaking,  and  washing  of  water  for 
a  considerable  period,  to  arrange  itself  according  to  its  degree  of 
fineness,  and  thus  form  strata ;  and  secondly,  from  a  tendency  in 
earthy  matter,  consolidated  both  by  water  and  subsequent  exsicxra- 
tion,  to  divide,  independently  of  the  fineness  or  quality  of  its  com- 
ponent particles,  into  strata  and  laminae.  The  tendency  of  this  earthy 
matter  is  generally  to  divide  along  the  lines  formed  by  the  arrange- 
ment of  the  particles  according  to  their  nature  or  quality  :  this  is 
not,  however,  always  the  case,  as  was  proved  by  the  observations 
noted,  and  ^hich  is  also  conclusively  shown  by  the  examination  of 
almost  any  stratified  rocks. 

In  the  valley  of  the  Connecticut,  where  the  sandstones  remain 
unaltered  in  any  great  degree  by  heat  or  dislocation,  the  stratification 
produced  by  the  several  causes  may  be  clearly  seen  and  studied. 
On  the  western  edge  of  this  deposit,  we  have  rocks  composed  of 
strata,  which  would  at  once  be  referred  to  the  action  of  tides  or  in- 
undations by  the  most  inexperienced  observer.  The  strata  here  vary 
from  a  tenth  of  an  inch  to  an  inch  in  thickness  ;  they  are  also  covered 
with  mud-cracks,  and  the  various  markings  which  are  usually  found 
upon  a  shore  or  beach.  In  other  portions  of  the  valley,  we  have  strata 
divisions  occasioned  by  the  lines  which  separate  materials  differing 
either  in  quality  or  nature,  as  iu  the  shales  from  the  sandstone,  the 
coarse  conglomerates  from  the  fine  sandstone,  or  the  highly  bitumi- 
nous shales  from  those  less  bituminous.  And  then  upon  the  extreme 
eastern  edge  of  this  sandstone  deposit,  we  find  strata,  the  leaves  of 
which  measure  from  one  to  two,  and,  in  some  instances,  three  feet 
in  thickness,  each  embracing  in  itself  matter  ranging  from  a  coarse 
conglomerate  to  the  finest  sand ;  and  yet  none  of  these,  witlun  the 
limits  of  the  particular  strata  in  wluch  they  are  included*  exhibit  die 
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sligbtest  tendency  to  break  or  dmde  in  any  one  direction  more  than 
anotben 

The  observations  here  stated,  I  am  bappy  to  find,  bave  been  also 
noticed  to  some  extent  by  otbers  conversant  with  tbe  subject  of 
stratification.  Sawdust,  subjected  to  the  filtering  action  of  water,  has 
been  observed  by  Prof.  Agassiz  to  assume  a  regular  stratified  ap- 
pearance. The  same  has  also  been  noticed  by  Dr.  Hates  of  Boston,  \ 
in  the  vats  into  which  clay,  used  for  the  manufacture  of  alum,  is 
crashed.  I  have  also  noticed  regular  stratification  in  the  dried  deposit 
of  a  puddle  in  the  streets,  where  no  apparent  change  in  the  character 
of  the  materials  deposited  could  be  noticed,  and  when  there  was 
certainly  no  interruption  of  deposition. 

If  the  di\dsions  of  stratification  which  I  have  thus  pointed  out  be 
admitted,  it  is  not  improbable  that  many  cases  of  what  are  now  con- 
sidered disturbed  and  tilted  strata  are  none  other  than  their  normal 
condition. 

Dr.  EicMONfl  remarked  that  he  agreed  entirely  with  the  yiews 
brought  forward  by  Mr.  Wells,  and  referred  to  cases  of  clay  beds, 
in  which  certain  strata  were  contorted  and  inclined,  apparently  from 
forces  acting  laterally,  or  from  below ;  but  which  forces,  from  the 
undisturbed  condition  of  Uie  surrounding  beds,  could  not  have  acted 
in  such  a  manner  as  to  have  produced  the  disturbance  referred  to  : 
they  must  therefore  be  accounted  for  by  peculiarities  or  changes  in 
the  method  of  deposition,  and  by  subsequent  changes. 

Professor  Hall  stated  that  he  had  also  accumulated  considerable 
evidence  in  regard  to  this  subject,  and  regarded  it  as  highly  impor- 
tant in  a  geological  point  of  view. 


22.  On  the  Geological  Age  of  the  Clat  Slate  of  the  Con- 
necticut Valley,  in  Massachusetts  and  Vermont.  By 
Pres.  E.  Hitchcock,  of  Amherst  College. 

The  clay  slate  deposit  of  the  Connecticut  valley,  commencing  at 
Bemardston  in  Massachusetts,  and  extending  northerly  into  Guilford, 
Dummerston,  &c.  in  Vermont,  has  usually  been  regarded,  both  from 
its  associations  with  mica  slate,  and  the  absence  in  it  of  organic  re- 
mains,* as  well  as  the  shining  aspect  of  its  surfaces,  to  belong  to  a 
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very  ancient  date ;  scarcely  newer,  indeed,  than  mica  slate.  In  Ber- 
nardston  I  had  long  ago  found  and  described  encrinal  remains  in  a 
bed  of  limestone,  which  I  had  supposed  to  lie  upon  the  slate  ;  but 
recently  I  have  discovered,  I  think,  a  mass  of  the  slate  beneath  which 
the  limestone  passes,  although  the  actual  contact  be  not  visible.  This 
&ct  has  led  me  to  look  more  carefully  for  the  fossils ;  and  I  find  at 
least  two  species  of  encrinites.  These  were  shown  to  James  Hall, 
Esq.,  and  he  is  of  opinion  that  they  probably  belong  to  the  period  of 
the  Onondaga  limestone  of  the  New- York  Surveys ;  at  least,  that 
they  are  not  more  ancient  than  that  rock.  Thus  we  fix  the  age  of  this 
clay  slate  as  a  part  of  the  Devonian  system,  unless  there  is  some 
mistake  in  the  observations  or  the  opinions  as  to  their  character. 

If  this  result  be  admitted,  it  does  not  follow  that  all  the  rocks  of 
the  Green  and  White  mountains  are  no  older  than  fossiliferous  rocks, 
as  some  maintain  ;  for  the  slate  formation  in  the  Connecticut  valley 
is  manifestly  a  newer  rock  than  those  which  succeed,  either  on  the 
east  or  the  west.  Perhaps  it  is  a  portion  of  the  Hudson-river  slate, 
which  once  arched  over  the  intervening  Hoosic  mountain,  and  which 
nas  been  subsequently  worn  away  except  in  this  deep  valley.  At  any 
rate,  I  have  met  nowhere,  either  in  this  country,  Great  Britain,  or 
Switzerland,  with  rocks  more  thoroughly  crystalline  than  those  which 
constitute  most  of  the  White  mountain  ranges.  Gneiss,  mica  slate, 
and  hornblende  slate,  just  such  as  you  find  in  the  central  Alps  in  the 
vicinity  of  Mont  Blanc,  constitute  these  ranges.  They  may,  however, 
be  as  new  as  the  palssozoic  strata ;  but  if  they  are,  then  I  think  no 
rocks  on  the  globe  probably  are  older.  Such  a  conclusion  I  am  pei*- 
fectly  ready  to  admit,  when  fairly  proved ;  but  we  should  be  cautious 
in  admitting  a  conclusion  which  goes  to  the  very  extreme  of  meta- 
morphism,  without  decisive  evidence.  We  should  at  least  wait  till 
the  White  mountains  have  been  more  carefully  studied.  Years  of 
examination  by  the  ablest  geologists  will,  in  my  opinion,  be  requisite, 
before  we  understand  fully  the  characters  of  those  mighty  ranges. 
The  work  has  yet  scarcely  been  begun. 


23.    On  the  Geological  Age  of  the  X^oal-bearino  Rocks  or 

North-Carolina.    By  Pro£  W.  B.  Rogers,  of  the  University 

of  Virginia. 

[Not  received.] 
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24.  Remarks  on  the  Trilobite  of  the  Potsdam  Sandstone, 
NAMED  BT  Dr.  Owen  DtkeUacephaliu,  and  its  Relations  to 
AsAPHUs  AND  Ogtgia.    By  Prof.  James  Hall. 

[Not  received,] 


25.  On  the  Alternations  of  Marine  and  Terrestrial  Organic 
Remains  in  the  Carboniferous  Series  of  Ohio.  By  J.  W. 
Foster. 

Mr.  Foster  commenced  by  sketching  the  boundaries  and  principal 
groups  of  rocks  in  Ohio»  and  proceeded  to  show  thai  the  equivalents 
of  most  of  those  forming  the  Silurian  and  Devonian  series  were  to 
be  feund  in  the  New- York  classification ;  but,  on  the  other  hand» 
many  of  the  New- York  serieS)  particularly  the  conglomerates,  or 
those  rocks  which  were  indicative  of  disturbance  of  the  sea  bottom, 
were  wanting  in  Ohio. 

He  spoke  of  the  necessity  of  a  subdivision  of  what  has  been 
termed  the  Cliif  limestone,  into  two  distinct  groups ;  a  subdivision 
which  was  fully  warranted  by  the  organic  remains.  The  sandstone 
beneath  the  productive  Coal  measures  had  hitherto  been  classed  as 
a  single  group,  under  the  name  of  Waverly ;  but  he  was  satisfied 
that  it  was  susceptible  of  at  least  a  threefold  division,  characterized 
by  well  defined  zoological  differences.  The  entombed  remains,  he 
remarked,  were  more  characteristic  of  the  Carboniferous  than  the 
Devonian  series. 

He  next  proceeded  to  describe  a  section  along  the  National  road, 
through  a  portion  of  the  Ohio  coalfield,  consisting  of  alternations  of 
sandstones,  shales,  limestones,  and  seams  of  coal,  together  with  a 
siliceous  deposit  provincially  known  as  buhrstone.  While  the  sand- 
stones and  shales  were  characterized  in  \he  main  by  various  types 
of  carboniferous  flora,  the  limestones,  the  buhr,  and  in  some  instances 
the  shales,  were  filled  with  types  exclusively  marine.  In  a  vertical 
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range  of  about  700  feet,  he  had  been  able  to  recog^nize  no  less  than 
ten  alternations  of  marine  and  ten-estrial  organic  remains. 

He  next  proceeded  to  describe,  somewhat  in  detail,  the  character, 
range,  and  extent  of  the  associated  fossils.  The  upper  portion  of  the 
Sub-carboniferous  sandstone  was  characterized  by  numerous  remains 
of  Prodwita  ( some  of  the  species  ranging  high  into  the  true  Coal 
series))  Encrinites,  PMUipHa^  Spirifert  ^nd  Lutraria. 

The  Buhrstone^  although  it  attained  a  thickness  of  about  ten  feet, 
was  replete  with  various  forms  of  organic  life,  some  of  which  iw^ere 
confined  exclusively  to  it.  Among  them  he  recognized  Streptdasma^ 
Plactoatylis,  PhragTnoceras,  Spirifer,  Producta,  TerehratuUh  AUo- 
ritma,  EntrocJUtes^  FenesteUat  and  Polypara. 

The  Gherty  limestone,  in  close  proximity,  contained  Lutrarioi 
Cypricardia,  Producta,  Spirifer,  Chonetes,  Orbtcula,  Atrypoy  Lnito- 
rina,  Plactosfylis,  Cyathaphyllum,  and  Entrochiies. 

The  next  succeeding  bed,  exclusively  wrought  in  the  vicinity  of 
Zanesville,  afforded  the  Spirifer,  Producta,  Atrypa,  Ckonetes,  Pecten^ 
Terebratula,  Entrochites,  Polypora,  and  FtnesteUa.  From  it  had  also 
been  obtained  a  fish  spine,  which,  according  to  Aoassiz,  was  a  new 
type,  intermediate  between  CtenoeaiUhuai  Cryracanthus  BsxiHybodus, 

Ascending  in  the  series,^  there  were  three  or  four  beds  of  limestone 
in  which  the  traces  of  organic  remains  were  by.no  means  abundant, 
but  sufficiently  so  as  to  leave  no  doubt  of  their  marine  origin.  A  few 
miles  west  of  Ceunbridge,  however,  there  was  a  bed  which  was  highly 
fossiliferous,  yielding  the  following  genera  :  Chmatites,  Airypa, 
Spirifer,  Producta,  ChoMetes,  Terebratula,  and  the  teeth  of  fishes, 
which,  according  to  Aoassiz,  belonged  to  the  genus  Petalodust  a 
form  allied  to  the  Port  Jackson  shark. 

Mr.  Foster  remarked,  that  specimens  of  these  teeth  had  been 
shown  him  by  D.r.  D^ai«at$R  several  years,  ^go^  .and  that  within  tbe 
past  season.  Prof  Saffobd  had  procured  a  perfect  specimen  which 
he  exhibited  to  the  section.  This  was  the  first  instance  observed  of 
the  occurrence  of  fish  remains  in  the  Goal  measures  of  the  United 
States,  and  ought  to  put  geologists  on  their  g^ard  against  hastily 
inferring  that  they  did  not  exist  in  other  deposits. 

He  next  proceeded  to  remark  on  the  distriliutioa  .of  the  marine 
fauna.  While  some  of  the  forms,  such  as  the  Producta  fuhata,  Sipp- 
rifer  glaber,  Spirifer  trigonoMt,  Chonetes,  Terebratukh  and  JBii^tH 
trochites  lavis  had  a  wide  vertical  rangei  some  of  them  extending 
through  the  whole  sectioi;! ;  othejrs,  for  example  the  Sir^ptdasma, 
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the  Phragmoeera9^  and  the  AUorismaf  did  not  range  much  above  the 
Buhr. 

The  flora  of  this  epoch  was  next  described ;  among  which,  he  had  ( 

been  able  to  recognize  the  following  genera  :  Stigmaria,  Spheno- 
phyllum,  Annularia,  AMteraphyllitesj  Bechera,  EquUetumy  Ckdamites, 
CydopteriSf  Neuropteris,  TcmiopterU?^  PecopterU^  LepidodendraUf 
Cardiocarpcn,  Sigillaria  and  Favulariut  and  others  belonging  to 
Ufldetei-mined  genera.  The  fossil  flora  afforded  a  less  certain  guide 
in  the  identification  of  strata,  than  the  fossil  fauna ;  a  fact  which  may 
be  accounted  for,  on  the  supposition  that  the  atmosphere  which 
encircled  the  earth  during  this  epoch  was  subjected  to  fewer  dis- 
turbances than  the  sea. 

He  next  spoke  of  the  distribution  of  the  Coal  plants.  The  Stig- 
maria  Jieoidea  had  a  wide  vertical  range,  occurring  for  the  most  part 
at  the  base  of  the  Coal  senes,  and  oflen  in  a  vertical  position.  Many 
forms  of  the  Pecopteris,  particularly  one  allied  to  P.  serliif  were 
nvidely  distributed.  A  Lepidodendron  approaching  L.  aculeatum, 
forming  stems  nearly  two  feet  in  diameter,  occurred  in  the  sandstone 
at  Zanesville.  Other  plants  were  very  restricted  in  their  range  ;  for 
example,  the  Neuropteris  grangeri  had  been  thus  far  found  only  in 
one  locality  at  Zanesville.  He  spoke  of  this  region  as  forming  a  vast 
herbarium  of  the  plants  of  this  epoch,  not  shattered  and  abraded, 
but  every  fibre  and  foliation  perfectly  preserved.  From  their  perfect 
state  of  preservation,  and  the  comminuted  materials  in  which  they 
were  enclosed,  as  well  as  the  erect  position  in  many  instances  of  the 
SigillaritB,  he  inferred  that  the  interval  between  the  severing  of  the 
leaf  from  the  parent  stalk  and  its  entombment  in  the  clayey  paste 
must  have  been  brief,  and  attended  with  no  violent  agitations  of  the 
water  equivalent  to  breaker  action,  or  strong-moving  currents. 
While  the  forms  of  organic  life  associated  with  the  limestones  are 
exclusively  marine,  and  those  of  the  sandstones  terrestrial,  it  fre- 
quently happened  that  both  were. confusedly  mingled  in  the  shales 
succeeding  the  former. 

Mr.  Foster  here  exhibited  a  section  near.  Zanesville,  where  the 
remains  of  moHuscs  and. corak- were  mingled  with  the  delicate  fronds 
of  ;the  Neuropteria  and  theeeedvessels  of.  flowerless  plants. 

In  conclusion,  he  adverted  to  the  probability  of  the  proximity  of 
largpe  tracts  of  land  at  this  period,  and  of  its  repeated  submergence, 
or  unequal  tilting,  by  whidi  the  sea  was  enabled  to  extend  its  do- 
minion over  large  areas,  and  the  drainage  of  the  aubadrial  portions 
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was  changed.  In  no  other  way  could  we  satisfiictorily  explain  the 
mingling  of  terrestrial  and  marine  life.  This  suhmergence,  it  is  in- 
ferred, was  gradual,  since  there  were  no  conglomerate  bands  above 
the  base  of  the  coal.  The  cross-stratification  conspicuously  displayed 
in  the  sandstones,  and  the  coarse  grains  constituting  the  mass,  -vrould 
point  to  the  existence  of  oceanic  currents  recurring  at  frequent 
intervals. 


26.    Remarks  upon  the  Fossils  of  the  Potsdam  Sandstone. 

By  Prof.  James  Hall. 

[  Not  received,] 


27.  On  the  Vegetation  op  the  Infra-carboniferous  Rocks  of 
Pennsylvania,  and  a  Description  of  a  New  Genus  of 
Fossil  Plants.    By  Prof  H.  D.  Rogers. 

[  Not  received,] 


28.    On  some  Fossils  of  Northern  Ohio.    By  Professor  J. 

Brainerd,  of  Cleveland. 

To  Pro!  Loum  Aqabsiz,  President  of  the  American  AflBociatioa  for  the  AdyaDce- 
ment  of  Science. —  Albany  Meeting,  Angoat  1851. 


^  DEAR  SIB  : 

Permit  me  to  call  the  attention  of  those  members  of  the  Association 
who  feel  an  interest  in  the  subject  of  geology,  to  the  groap  of  fossils 
herewith  presented  for  examination.  The  locality  from  which  these 
specimens  were  taken  is  one  of  considerable  interest,  from  the  fact 
that  a  number  ofjbssil  ^slieSt  supposed  to  belong  to  a  new  species, 
have  there  been  obtained. 

The  geographical  location  is  in  the  southeast  part  of  Cuyahogn 
county,  Ohio,  at  the  village  of  Chagrin-Falls,  and  about  eighteen 
miles  southeast  of  Cleveland.  The  elevation  above  Lake  Erie  is 


PAUBONTOLOGT.  305 

about  three  hundred  feet.  The  geological  position  may  perhaps  be 
best  defined,  by  reference  to  the  extensive  fonnation  of  conglome- 
rate (quartz  pebble-rock)  which  underlies  the  coalfields  of  Ohio. 
This  extensive  landmark  in  g^logy  is  found  cropping  out  in  a  bold 
blufi*,  to  the  northeast,  east  and  southeast,  a  mile  or  two  distant,  and 
is  about  two  hundred  feet  higher  in  the  series  than  the  stratum 
which  yields  these  fossils. 

The  intermediate  space  between  the  fossiliferous  bed  and  the 
conglomerate  is  occupied  chiefly  by  black  slate  like  that  in  the  spe- 
cimens, argillaceous  shale,  and  thin  beds  of  hard  fine-grained  sand- 
stone. The  shale  which  lies  above  the  position  of  the  accompanying 
fossils,  is,  very  nearly,  if  not  quite,  destitute  of  organic  remains ; 
though  some  faint  traces  of  fossils,  apparently  sjnnes,  of  half  an  inch 
or  more  in  length,  have  been  discovered  near  the  conglomerate,  in 
the  township  of  Russell,  about  two  miles  northeast  of  Chagrin-Falls. 

That  portion  of  the  shale  which  contains  the  fossils  is  about  two 
inches  in  thickness,  and  lies  in  immediate  contact  with  a  stratum  of 
grindstone  grit,  in  beds  of  various  thickness  ranging  from  half  an 
inch  to  two  feet,  generally  separated  by  thin  partings  of  clay.  The 
surface  of  these  beds  is  generally  covered  with  ripple-^marks.  In  one 
of  the  partings,  the  surface,  over  a  large  extent,  appears  to  be  very 
finely  marked  with  rain  dropst  specimens  of  which  are  herewith 
presented.  Other  surfaces  are  completely  covered  with  a  network  of 
markings,  similar  to  those  made  by  soft  worms  upon  the  surface  of 
the  mud  of  a  drying  pool  of  water. 

In  this  quarry  were  found  the  fossil  fishes  which  were  presented 
for  examination  at  the  meeting  of  the  Association  in  May  last,  at 
Cincinnati.  The  dip  of  the  rock  at  this  place  is  southeast,  seventeen 
inches  in  one  hundred  feet 

So  far  as  I  can  learn,  the  Lingula  dongata  and  Orbicula  have  not 
been  discovered  in  any  other  portion  of  the  State,  in  thb  formation 
(  black  slate ) ;  and  their  presence  in  this  location,  being  so  well 
marked  in  regard  to  geological  position,  may  perhaps  aid  in  the 
classification  of  the  series  in  Ohio,  with  those  of  like  formation  in 
the  State  of  New- York. 

There  is  one  fossil  in  the  accompanying  group,  to  which  1  par- 
ticularly desire  to  call  attention.  This  may  be 
familiar  to  some,  though  I  have  never  had  the 
good  fortune  to  see  one  from  any  other  locality. 

Those  which  I  have  examined  are  quite  uniform 
20 
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in  size,  yarying  from  half  an  inch  to  three-quarters,  or  an  inch  in 
length,  and  from  one-quarter  to  three-eighths  of  an  inch  in  width,  and 
gradually  tapering  to  a  point*  A  longitudinal  line  or  depression 
extends  the  whole  length,  dividing  the  body  into  two  equal  lobes,  not 
unlike  those  in  the  trilobite.  The  body  of  the  fossil  is  ribhed,  with 
slightly  curved  elevations  and  depressions,  having  the  concavity  of 
the  line  towards  the  smaller  part  of  the  body. 

From  a  careful  examination,  I  have  been  thus  far  unable  to  detect 
any  other  parts  than  those  here  described. 

The  partings  of  the  shale,  where  these  fossils  are  found,  seem  to 
indicate  that  the  animal  to  which  it  belonged  possessed  a  shelly 
covering  of  very  delicate  texture,  similar  to  that  of  the  Lingtda 
dongata  and  Orbicula,  which  were  its  living  companions. 

ClevoanI^,  August  10,  1851.  JEHU  BRAINERD. 


29.  Rem  ARKS  upon  the.  Fossil  Corals  oe  the  G-enus  Fatosites, 

AND   ALLIED   FoSSIL    GeNERA   FaVI8TELLA»    AsTIOCERIUM,    AND 

OTHERS.    By  ProC  James  Hall. 

[  Not  received.] 

30.  On  some  Reptilian  Footmarks  of  the  Infra-carbonifbrous 
Red  Shale  of  Pennsylvania.    By  Prof.  H.  D.  Rogers. 

[  Not  received.] 


31.    On  the  PALiBozoic  Genera  Trematopora,  Cellbpora,  &c. 

By  Prof.  James  Hall. 

[  Not  received.] 


32.  Tracks,  Trails,  &c.  in  the  Shales  and  Sandstones  of  thb 
Clinton  Group  from  Green  Bat;  with  Remarks  on  thb 
thinning  out  and  reappearing  of  this  portion  op  thb 
Clinton  Group.    By  Prof.  James  Hall. 

-  [  Not  received.] 
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D.  NATURAL  HISTORY,  INCLUDING  PHYSIOLOGY. 


L   BOTAKY. 


1.    On  two  New  Species  of  Juolans.    By  Dr.  John  Torrey. 

[Not  received,] 


2.    On  the  Chenopodiacejb  op  North  America.    Bj  Dr.  John 

TORRET. 

[  Not  received."] 


II.  ZOOLOGY. 

3.  Points  in  the  Economy  of  the  Seyenteen-tear  Locust 
f  Cicada  septemdecimj,  bearing  upon  the  Plural  Origin  and 
Special  Local  Creation  of  the  Species.  By  Dr.  W.  J. 
Burnett,  of  Boston. 

The  more  we  ioYestigate  the  essential  stnictures  of  animals,  and 
the  more  extensive  our  knowledge  of  their  habits  and  conditions  of 
being,  the  more  does  one  become  impressed  with  the  close  relations 
existing  between  them  and  their  outv^ard  conditions  of  life.  Our 
faith  in  an  adaptability  of  animals  generally  to  the  external  agen- 
cies of  the  world,  is  lessened ;  while  our  belief  that  the  unison  o£ 
their  lives  with  these  agencies  is  not  with  them  a  matter  of  expe- 
rience, is  strengthened. 

A  careful  analysis  of  these  conditions  has  led  some  to  believe  in 
the  special  creation  of  the  separate  faunas  in  the  localities  in  which 
they  are  found.  In  a  comprehensive  article  published  some  time 
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since,  Prof.  Aoassiz  has  traced  the  various  phases  under  which  this 
question  may  be  considered ;  and  in  it  may  be  found  excellent  rea- 
sons for  the  particular  creation  of  each  fauna,  in  its  immutability 
through  any  period  of  time.  A  question  allied  to  this,  but  based 
upon  a  different,  and,  pei^haps,  more  enlarged  view  of  life,  is  the  one 
of  the  primitive  numbers  of  each  species.  In  this  we  call  to  our  aid 
embryology,  and  its  allied  branches ;  but  the  influences  which  cnvi- 
lization  has  wrought,  both  directly  and  indirectly,  upon  the  ratio  of 
mortality  of  animal  life,  affect  much  the  validity  of  our  conclusions. 
Nevertheless  the  general  tenor  of  all  such  inquiries  is  to  show  tbat 
the  number  of  each  species  must  'have  been  pretty  near  that  which 
we  find  in  its  natural  and  undisturbed  state,  instead  of  a  single  pair, 
as  otherwise  viewed.  In  a  locality,  the  natural  relations  of  which  to 
animal  life  have  not  been  disturbed  by  the  agencies  of  man,  we  have 
a  right  to  infer  that  the  present  existing  state  of  destructive  elements 
of  life  is  a  fair  expression  of  the  past,  and  also  that  the  present  rate 
of  the  mortality  of  a  species  is  that  to  which  it  has  been  subjected 
during  past  times. 

I  conceive  that  if  we  cannot  infer  this,  when  we  have  no  evidence 
of  any  changes  in  the  general  economy  of  nature  at  that  locality, 
we  cannot  infer  anything  of  the  zoological  condition  of  the  past. 
Besides,  the  comparatively  limited  term  of  human  experience  justi- 
fies such  view,  which  has,  also,  a  still  more  worthy  ground  of  sup- 
port in  the  comparison  of  the  animal's  fecundity  with  its  natural 
liabilities  of  mortality.  If,  in  a  term  of  human  experience  of  one 
hundred  or  a  thousand  years,  the  natural  prolicity  of  any  well-known 
species  only  keeps  pace  with  its  relative  mortality,  so  that  the  num- 
ber  of  that  species  at  the  end  of  that  time  is  about  the  same,  it  is 
very  difficult  to  comprehend  how,  even  with  species  of  limited  num- 
bers, the  same  power  of  prolicity  could  enable  a  single  pair  to  readi 
the  present  numbers  under  any  existing  climate  of  the  earth. 

Were  it  so,  we  should  expect  to  find  a  very  correct  ratio  subsist- 
ing between  the  present  members  of  any  undisturbed  species,  and 
its  powers  of  reproduction.  But  since  attention  has  been  called  to 
the  subject,  and,  with  many  of  the  lower  animals,  the  ova  counted, 
not  only  is  there  no  reason  for  supposing  that  such  relation  is  pre- 
sent, but  in  many  instances  the  very  opposite  is  true ;  a  fact,  of  the 
the  truth  of  which  I  have  lately  been  the  more  and  more  convinced, 
from  counting  the  ova  of  many  insects,  and  comparing  the  result 
with  their  well-known  habits  and  conditions  of  life. 
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The  Talae,  however,  of  such  zoological  phenomena,  bearing  as 
they  do  against  the  ordinary  opinions  of  the  primitive  condition  of 
animal  life,  strike  different  minds  with  different  force,  according  to 
the  strength  and  tenure  which  their  preconceived  views  may  have 
on  their  minds.  There  are  examples  in  which  their  appears  no  escape 
from  conclusions  of  this  character ;  and  although  I  might  detail 
many  taken  from  the  ranks  of  lower  animals,  yet  from  its  well- 
marked  character,  and  recent  occurrence,  I  select  that  furnished  in 
the  Seventeen-year  Locust,  as  the  subject  of  this  paper. 

The  present  year  ( 1851 )  may  be  noted  as  containing  an  episode 
of  insect  life  of  more  than  ordinary  interest  and  value  ;  for  in  it  haa 
occurred  the  grand  appearance  of  the  locust.  The  zoological  value 
of  such  an  event,  I  deem  very  great ;  and  more  especially  so,  be- 
cause, since  their  last  appearance,  many  changes  in  our  views  of 
animal  life  have  taken  place. 

The  regularity  and  promptness  with  which  this  insect  appears,  at 
the  end  of  an  interval  of  seventeen  years,  is  well  known  in  science. 
Justly  does  it  excite  our  astonishment  that  the  conditions  of  its 
economy  should  be  so  unique.  During  the  last  two  or  three  times  of 
its  appearance,  its  habits  and  peculiarities  of  life  were  quite  tho- 
roughly investigated.  I  need  not  therefore  allude  to  them,  except  so 
&r  as  they  touch  our  subject. 

During  the  last  of  May,  I  had  the  good  fortune  to  witness  their 
grand  appearance  in  the  interior  of  Pennsylvania.  They  came  forth 
in  their  usual  and  almost  incredible  number,  and  a  fine  opportunity 
was  given  me  to  learn  something  about  their  conditions  of  life.  The 
insect  appears  in  its  perfect  or  imago  condition  simply  fi)r  the  pre- 
servation of  its  species  :  its  period  of  life  in  this  state  is,  therefore, 
quite  brief  Both  male  and  female  go  about  their  functions  immedi- 
ately on  escaping  the  earth,  after  which  they  die.  Their  existence  is 
therefore  almost  entirely  subterranean,  and,  considering  the  depth  to 
which  they  descend,  almost  as  isolated  from  the  agencies  of  civiliza- 
tion as  those  of  the  tenants  of  the  ocean.  It  appeared  evident,  from 
what  I  saw  of  their  movements,  that,  unless  swept  away  by  violent 
currents,  they  remain  generally  in  the  locality  of  their  birth ;  so 
that  the  comers  of  this  year  may  properly  be  said  to  be  the  linear 
descendants  of  those  which  there  appeared  fifty  or  more  years  since. 
This  is  important,  as  to  our  determining  whether  or  not  they  really 
increase  in  numbers. 

I  made  strict  inquiries  of  several  men  who  had  witnessed  this 
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their  fourth  appearance  through  the  same  tract  of  country,  and  their 
replies  always  were  that  they  did  not  think  their  numbers  to  vary 
materially  either  way.  Being  men  of  sense  and  fanners,  I  thought 
them  able  to  judge  of  this  matter,  since  they  regard  the  ravages  of 
this  insect  with  no  common  eye.  We  will  now  look  a  little  to  its 
powers  of  reproduction. 

The  female  has  about  500  eggs,  which,  from  certain  relations  of 
the  other  sex,  which  I  have  made  out  microscopically,  are  probably 
all  or  nearly  all  fecundated.  We  have,  then,  for  every  two  indivi- 
duals which  have  appeared  this  year,  a  deposit  of  500  embryos  for 
the  generation  to  appear  seventeen  years  hence. 

Now,  from  what  has  just  been  stated  about  the  uniformity  of  their 
numbers  each  time,  it  appears  that  from  the  liabilities  of  destruc- 
tion during  the  long  term  of  seventeen  years,  out  of  these  500 
embryos,  only  two  appear  certain  of  life  and  appearance  in  their 
perfect  state;  that  is,  just  replacing  the  two  parents.  The  chances 
of  life,  therefore,  ynth  this  insect,  are,  in  round  numbers,  two  in 
five  hundred.  This  calculation  may  seem  strange  to  some;  but  if  we 
reflect,  it  can  scarcely  be  otherwise;  for  suppose  the  chances  were 
double,  that  is,  4  in  500,  then  we  should  have  at  each  time  just 
double  the  numbers  of  their  last  time,  which  observation  has  shown 
to  be  untrue,  and  which  would  augur  much  evil  for  the  future  con- 
dition of  the  vegetable  world  in  the  localities  of  their  appearance. 
Even  if  their  chances  were  three  in  five  hundred,  or  half  again  the 
original  stock,  agriculturists  would  quicfcly  perceive  the  difference. 

To  sum  up  the  matter,  then,  we  have  here  an  insect  whose  econo- 
my and  conditions  of  life  are  so  unique  that  it  is  almost  entirely 
isolated  from  human  destructive  agencies,  and  which  is  obliged  to 
deposit  500  chances  for  the  certainty  of  securing  two.  The  ovaries 
have  been  formed  with  this  capacity,  and  the  whole  internal  econo- 
my is  of  a  corresponding  character. 

From  these  data,  we  can  draw  two  valuable  conclusions  :  Ist,  The 
evidences  of  design  in  nature,  in  thus  balancing  numbers  against 
chances  of  mortality  for  the  preservation  of  the  species ;  2dly,  The 
plural  origin  of  this  species,  instead  of  firom  a  single  pair.  In  the 
first,  such  evidence  I  regard  of  the  highest  zoological  character,  and 
quite  free  from  many  of  those  objections  belonging  to  analogous 
evidence  generally.  As  to  the  second,  it  is  quite  difficult  to  concmve 
how  the  present  myriads  could  have  arisen  from  a  single  pair»  even 
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if  their  chances  of  life  were  increased  20  or  30  per  cent,  which  we 
cannot  believe  possible  with  the  present  climate  of  the  earth. 

Regarding  then,  these  insects  from  these  data  as  a  special  local 
creation,  and  whose  orignal  numbers  were  nearly  as  at  present,  we 
find  the  same  view  supported  by  different  grounds.  I  refer  to  the 
fact  of  the  different  years  in  which  they  make  their  appearance  in 
different  portions  of  the  country. 

Although  during  the  present  year,  and  the  past  oneR  divisible  by 
the  number  17,  have  been  those  of  its  greatest  appearance,  yet  the 
appearance  of  smaller  numbers  at  different  years  has  been  noticed 
in  various  or  even  in  the  same  portions  of  country.  In  the  southern 
portion  of  New-England,  different  parcels  have  appeared  at  irregu- 
lar periods ;  and  in  some  of  the  Middle  States,  there  are  localities 
that  have  four  distinct  appearances  of  this  insect.  Now,  as  there  is 
no  evidence  for  our  thinking  that  they  are  ever  unfaithful  in  their 
time,  appearing  at  the  end  of  a  longer  or  shorter  interval  than  seven- 
teen years,  we  are  forced  to  the  belief  of  not  only  their  special  lo- 
cal creations,  but  special  creation  at  different  periods  in  the  same 
locality.  The  ground  of  such  inferences  is,  I  think,  equally  as  tena- 
ble as  much  in  geology  and  palaeontology,  and  certainly  is  in  ac- 
cordance with  many  of  the  recognized  principles  of  zoological 
science. 

I  cannot  dismiss  the  subject,  without  expressing  the  wish  that 
studies  of  this  kind  may  be  prosecuted  in  every  direction  through- 
out the  Animal  Kingdom  ;  for  thence  we  can  expect  results  whicli 
will  be  not  only  new,  but  serve  to  illustrate  some  of  the  highest  and 
most  important  relations  animals  sustain  to  the  surface  of  our  globe. 

Prof.  Haldeman  observed  that  a  period  of  three  years  had  been 
ascribed  to  cicadse  of  Europe,  but  that  such  a  great  difference  be- 
tween different  species  was  very  unlikely.  He  suggested  the  pro- 
priety of  investigating  the  period  necessary  to  mature  the  egg.  He 
then  alluded  to  the  difference  of  the  musical  organs  in  different 
species. 

Mr.  GoADBT  inquired  if  the  fecundity  of  the  C  septemdecim  was 
considered  a  peculiarity  to  meet  the  contingencies  of  long  existence, 
and  spoke  of  the  general  fecundity  observed  among  insects. 

Mr.  Haldeman  said  that  the  fecundity  of  butterflies  was  re- 
pressed by  ichneumonids^,  etc  The  tjieada  had  an  enemy  in  the 
mole,  burrowing  to  the  places  occupied  by  the  larvae.  He  coo^ 
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Bidered  that  the  irregular  appearance  of  the  insect  was  owing  to 
the  overlapping  of  adjoining  districts,  and  that  this  irregularity  was 
an  argument  for  the  modem  origin  of  the  animal,  and  that  these 
irregularities  would  finally  disappear  when  the  districts  overlapped 
perfectly. 

Prof  AoASSiz  said  that  the  subject  opened  a  new  field  concerning 
the  introduction  of  animals,  and  alluded  to  the  fact  that  the  Chrdius 
was  obliged  to  produce  1000000  ova  to  continue  the  species. 


4.    On  thk  Habits  or  the  Whale.    By  Lieut.  M.  F.  B(aurt, 

U.  S.  N. 

[  Not  received,^ 


5.    On  a  New  Type  or  Generation  obsbevbd  among  Mbdvsjk. 

By  Prof.  L.  Aoassiz. 

[  Not  received,^ 


6.  Monograph  or  the  Genera  Dtsnomia  (Ag.),  Complanaru 
(Sw.),  Laupsilis  (Ra£);  wfth  General  Remarks  on  the 
OTHER  Genera  or  Naiades.    By  Prof.  L.  Aoassiz. 

[  Not  received.^ 


7.    Relations  or  Embrtoloot  and  SpERMATOLOoy  to  Animal 
Classipioation.    By  Dr.  W.  J.  Burnett,  of  Boston. 

As  it  is  in  adult  life  only  that  we  have  the  complete  maturity  of  the 
characteristics  which  belong  to  the  animal,  it  is  to  this  stage  <^  ex- 
istence that  we  naturally  turn  to  form  a  basis  of  a  correct  animal 
classification.  However  sufficient  this  mode  may  be  fi>r  determining 
the  peculiarities  of  each  individual  of  itself  yet  we  are  constantly 
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noticing  here  tbe  want  of  data,  by  which  the  relations  of  each  ani* 
mal  to  others  can  be  satisfactorily  made  out ;  or»  if  I  may  use  a 
figure  for  expression,  I  would  say  that  it  is  necessary  to  refer  to  the 
various  paths  by  which  different  individuals  pursue  their  course,  to 
learn  their  natural  affinities  and  relations,  which,  when  they  have  ^ 

reached  their  journey's  end,  seem  much  obscured,  or  to  have  par- 
tially passed  away.  Within  a  few  years,  considerable  of  this  required 
aid  has  been  found  in  embryology t  the  details  of  which  have  now  be- 
come sufficient  to  warrant  its  consideration  in  this  respect.  As  will 
be  seen,  I  have  proposed  to  bring  in  for  aid  the  value  of  studies  in 
the  counterpart  science,  apermatology ;  and  this  aid  I  hope  to  show 
as  being  both  direct  and  indirect  :  direct,  from  its  own  data ;  and 
indirect,  as  illustrating  the  error  of  some  impressions  we  are  likely 
to  receive  from  the  pursuit  of  embryology  alone. 

The  value  of  embryology  here  originated  with  the  fact,  which  we 
often  recognize,  viz.  the  constant  succession  of  types  in  the  animal 
kingdom ;  not  a  succession  by  transition,  but  a  succession  by  cre^* 
tion.  Like  most  new  doctrines,  it  has  had  the  fault  of  being  used  to 
cover  too  much  ground ;  many  laboring  under  the  very  mistaken 
idea,  that  herein  might  be  found  the  key  to  all  discrepancies  in  classi- 
fication. 

The  greatest  benefit  of  embryology  appears  to  have  been  in  point- 
ing out  the  four  fiindamental  types  of  development,  and  by  showing 
that  these  are  successive,  though  distinct. 

Prof.  Agassiz,  in  a  recent  course  of  lectures,  has  well  illustrated 
this  point,  and  many  of  its  bearings ;  but  upon  the  details  of  the 
subject,  we  are  obliged  to  put  a  somewhat  varied  construction. 

In  studying  the  development  of  embryonic  forms,  we  not  unfre- 
quently  see  peering  through  the  particular  form,  faint  appearances 
of  other  types,  belonging  generally  to  allied,  though  sometimes  to 
distant  species. 

This  I  cannot  better  illustrate  than  by  referring  to  the  excellent 
example  Prof.  Agassiz  has  pointed  out,  which  is,  that  in  the  early 
development  of  a  robin,  it  is  first  a  palmipede,  and  then  an  insesso- 
rial;  in  other  words,  in  this  insessorial  bird,  the  palmipede  type 
peers  out.  Other  instances  might  be  quoted,  having  the  same  import. 
Now  what  construction  are  we  to  put  upon  these  phenomena?  Shall 
we  say  that  the  palmipede  is  closely  related  to  the  insessorial  bird ; 
or  that  in  the  successive  appearance  of  the  birds  upon  the  earth,  the 
cUfi'foottd  sprang  out  of,  or  are  only  a  further  development  of  the 
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toeh-footed  species  1  Both  of  these  have,  I  think,  a  negative  answer. 

But  there  is  another  view  of  the  case,  rather  more  in  accordance 
with  our  ideas  as  to  the  nature  of  animal  types,  and  which  I  have 
also  found  supported  by  my  spermatological  studies  :  it  is,  that  there 
has  been  a  succession,  by  distinct  creation,  of  types  in  nature  ;  and 
that  wherever  these  instances  occur,  those  animals,  the  type  of  which 
were  shadowed  in  the  developing  embryo,  existed  on  the  earth  be- 
fore the  latter.  That  is,  to  again  recur  to  the  palmipede  type  in  the 
embryo  of  the  robin,  this  fact  shows  as  much  as  any  in  zoology  can, 
that  palmipedes  were  created  before  the  cleft-footed  birds  :  for,  if  I 
may  be  permitted  the  use  of  the  figure.  Nature  seems  to  be  always 
retrospective  rather  than  prospective  in  her  works ;  and  in  the 
gradual  development  of  the  higher  forms,  she  not  unfrequently 
shows  that  she  has  in  former  times  wrought  also  in  lower  types  ;  the 
remembrance,  as  it  were,  of  the  latter,  often  recurring  in  the  perfect 
development  of  the  former.  This  is  perhaps  the  reason  why,  in  em- 
bryology, in  the  development  of  the  lower  forms,  the  higher  types 
are  never  prefigured. 

These  views  are  certainly  at  variance  with  that  of  transitional 
development ;  and  beyond  what  I  have  just  stated,  I  do  not  think 
they  have  any  signification,  but  must  be  regarded  as  simple  facts  in 
roology.  This  I  hope  to  more  fully  illustrate  when  speaking  of 
another  branch  of  the  subject 

But  if  we  are  thus  sometimes  fortunate  in  embryological  studies 
to  learn  the  lower  out  of  the  higher  type,  and  also  in  recognizing 
their  relations  as  to  time  of  creation,  it  is  far  from  being  always  the 
case  :  in  fact,  something  of  the  opposite  may  be  said  to  exist ;  that 
is,  even  the  particular  type  of  the  animal  itself  does  not  appear  until 
the  very  last  stages  of  development.  This  has  been  well  illustrated 
in  some  recent  writings  of  Milne-Edwards  on  the  development 
of  the  TerebeUcB ;  for  in  them  their  distinct  specific  types  seemed 
buried  in  one  general  form,  and  did  not  appear  until  the  development 
was  nearly  complete.  I  have  noticed  the  same  in  many  insects  :  in 
fact,  I  think  you  may  take  any  genus  of  insects,  and  the  specific 
differences  wiU  not  be  apparent,  not  only  during  their  oval,  but 
during  a  large  portion  of  their  larval  existence.  In  some  instances 
this  will  hold  even  with  /amilies.  But  these  phenomena  belong,  I 
think,  to  those  animals,  whose  period  of  development  is  marked  by 
a  succession  of,  as  it  were,  new  births,  or  a  constant  series  of  meta- 
morphoses. 
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Among  the  Medusa,  more  than  elsewhere  perhaps,  have  the  dlta 
furnished  by  embryology  been  of  service  in  determining  the  true 
relation  of  forms ;  for  here,  lower  types  in  full  are  so  shadowed 
forth,  that  at  first  they  might  appear  only  as  arrested  developments 
of  the  higher.  In  the  same  category  belong  the  phenomena  of 
"  alternation  of  generations,"  as  shown  by  Steenstrupp  and  others. 
But  in  all  these  cases  we  must  be  positive  as  to  what  constitute,  in 
developing  forms,  typical  charactei'istics ;  for  I  think  that  many 
errors  as  to  the  value  of  embryological  data,  have  arisen  from  a 
misinterpretation  in  this  respect. 

We  will  take  for  instance  the  class  of  insects  :  we  have  among  them 
an  order  Coleaptera,  which  is  mandibulate  in  both  its  larval  and  imago 
conditions ;  we  have  also  an  order  LepidapterUf  which  is  mandibulate 
in  its  larval,  and  suctorial  in  its  imago  condition.  Now  from  these  facts 
are  we  to  affirm  that  the  order  Lepidoptera  is  in  advance  of  that  of  the 
Coleoptera;  or  rather  that  the  larval  condition  of  the  former  corres- 
ponds to  that  of  the  imago  of  the  latter  ?  In  my  opinion  we  cannct, 
any  more  than  we  can  refer  its  application  to  any  other  of  the  man- 
dibulate Articulata  ;  the  oral  organs  alone  not  forming  any  pei*manent 
basis  of  classification  among  the  Articulata,  as  daily  experience  is 
constantly  showing.  We  cannot,  therefore,  regard  these  organs  as 
entering  at  all  into  the  composition  of  the  grand  type  of  the  animal. 
Still  fbrther  will  I  say,  that  although  these  different  orders  of  hexa- 
pod  insects  have  been  included  in  a  single  class  from  the  uniformity 
of  their  metamorphotic  changes,  yet  strictly  they  should  be  viewed 
as  almost  different  classes ;  and  in  putting  any  signification  upon 
their  embryological  results,  we  can  apply  them  only  in  the  order  in 
which  they  are  found.  For  instance,  in  studying  the  Lepidoptera, 
there  may  be  gathered  data  which  will  serve  us  in  better  compre- 
hending the  succession  of  creation  of  family  and  other  types  in  this 
order;  but  these  data  have  but  little  value  when  applied  to  the 
Coleoptera,  or  any  of  the  other  orders.  We  shall  soon  see  that 
fipermatology  supports  this  view. 

On  the  whole,  then,  the  aid  furnished  by  embryology  towards  a 
true  classification  of  animals,  is  in  its  showing  where  there  has  been 
a  tuccemtm  rather  than  an  affinity  of  typical  forms  ;  where  there 
has  been  a  series,  rather  than  an  affiliation  of  development.  Of  course, 
this  restricts  its  value  vrithin  that  of  classes  or  orders;  and  I  am  of 
the/)pinion  that  any  broad  generalizations  made  upon  the  phenome- 
na thas  observed,  cannot  be  valid.  If,  in  examining  the  paths  which 
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pa^icular  species  have  trodden  to  reach  their  perfect  condition*  we 
are  able  to  learn  much  about  their  natural  relations,  we  cannot  be 
too  careful  with  such  knowledge,  as  to  our  inferences  of  the  condi- 
tion of  other  paths  which  we  have  never  seen. 

In  spermatology  the  data  are  of  a  different,  and,  in  my  opinion, 
more  reliable  character.  In  embryology,  we  get  our  data  from  forms 
then  in  the  process  of  development ;  and  as  many  of  the  character- 
istics of  these  are  often  transient,  we  are  liable  to  error  from  misin- 
terpretation. In  spermatology,  on  the  other  hand,  the  data  are 
derived  from  a  perfectly  developed  form,  and  which  is  the  repre- 
sentative of  the  potential  whole  of  the  species.  As  I  have  said  in 
another  place,  it  is  to  the  male,  what  the  matured  offspring  is  to  both 
the  male  and  female.  The  spermatozoon  is  the  most  elementary 
material  form  in  which  type  characteristics  are  shadowed  forth  :  it 
approaches  nearer  the  immaterial  type  itself,  than  any  other  particle 
of  organic  matter  with  which  we  are  acquainted.  1  have  therefore 
thought  that  differences  in  its  material  shape  and  form  should  be 
entitled  to  considerable  value  in  determining  the  relations  and  o^t- 
ties  of  organised  beings ;  and  while  it  is  constantly  showing  that 
there  have  been  distinct  creations  of  types,  it  is  of  no  value  in  point- 
ing out  their  relative  succession.  In  these  respects,  it  will  be  seen 
that  the  position  it  occupies  to  classification  is  the  inverse  of  that  of 
embryology ;  and  so,  by  the  putting  of  both  of  them  together,  we 
derive  all  possible  aid  in  this  direction. 

But  that  the  matter  may  be  the  better  comprehended,  I  will  state 
a  few  general  conclusions  at  which  I  have  arrived  in  the  study  of 
this  subject. 

1.  The  spermatozoon  is  the,  and  the  only,  fecundating  particle 
in  the  seminal  fluid. 

2.  It  is  perfectly  formed  only  in  animals  capable  of  reproduction ; 
being  absent  in  those  very  old  or  very  young,  and  in  hybrids. 

3.  Each  species  has  one  form  only,  which  is  constant  and  invaria- 
ble. 

These  conclusions  will  serve  as  our  groundwork.  It  may  be  asked, 
if  each  species  has  a  particular  form,  by  which  it  can  always  be  re- 
cognized ?  This  question  has  a  twofold  answer,  both  positively  and 
negatively  ;  but  mostly  negatively,  for  generally  the  differences  do 
not  extend  as  far  down  as  species.  For  nearly  two  years,  I  have 
been  at  work  to  learn  the  determinate  value  of  mere  form,  size  and 
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shape ;  in  this  relation,  going  through  all  the  available  species  of 
a  genus  or  genera,  and  making  careful  drawings  and  measurements 
of  each.  One  of  the  conclusions  which,  from  such  inyestigations,  I 
have  been  able  to  draw,  is,  that  throughout  a  genus,  the  generic 
type  of  the  spermatozoa  does  not  vary  either  in  mode  of  forma- 
tion or  physical  aspect ;  that  is  to  say,  although  in  widely  separated 
species  there  may  be  difference  in  mere  size,  etc.,  yet  the  main  type 
remains. 

From  this  fact,  I  have  been  led  to  conclude  that  when  a  deviation 
from  the  main  type  is  found,  the  species  in  which  this  is  found  must 
be  separated  from  the  others  with  which,  in  classification  from  other 
data,  it  has  been  placed.  I  am  happy  to  be  able  to  say,  however, 
that  rarely  or  never  do  the  main  characteristics  and  the  peculiarities 
of  the  spermatozoa  conflict  :  on  the  other  hand,  they  form  gene- 
rally a  mutual  support.  Their  great  value  lies  not  only  in  showing 
what  may  be  considered  fundamental  differences  in  their  separation 
into  genera  and  species,  but  also  in  attesting  the  complete  isolation 
from  each  other,  of  these  genera  and  species ;  it  being  impossible 
that  their  affiuities  of  structure  should  have  ever  been  the  result  of 
a  transitional  development. 

But  there  is  another  fact  deserving  of  mention,  before  I  speak  of 
special  forms  :  it  is  that  the  higher  we  ascend  in  the  scale  of  de- 
velopment, the  more  varied  are  the  types  ;  so  that  among  Mamma- 
lia we  often  meet  with  wide  differences  of  these  particles,  with  dif- 
ferent genera  of  the  same  family ;  whereas  in  corresponding  genera 
of  a  family  among  the  Invertebrata,  the  differences  are  exceedingly 
slight,  and  difficult  to  be  perceived.  I  consider  this  fact  of  considera- 
ble importance  as  bearing  upon  the  doctrine  of  the  succession  of 
distinct  types  of  animals,  and  the  intervals  of  their  creation. 

My  confidence  in  the  truth  and  value  of  these  essential  points  I 
do  not  find  to  be  otherwise  than  strengthened  by  daily  experience  ; 
so  much  so,  in  fact,  that  I  feel  justified,  in  many  instances,  in  dis- 
placing some  genera  and  species  from  positions  they  have  occupied 
from  other  data 

[Here  followed,  in  the  original  paper,  illustrations  of  theee  doctrines^  taken 
from  every  department  of  the  animal  kingdom.  But  it  has  been  thought  proper 
to  omit  here  sH  thfiso  special  descriptions  of  spermatic  particles^  not  only  because 
the  subject  is  yet  incomplete,  but  also  because  I  hope  soon  to  publish  them  else- 
where, with  figures ;  and  without  which,  the  typical  distinctions  here  insbted 
upon  would  not  be  recognized.  ] 


\ 
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Taking  now  a  retrospective  view  of  the  whole  subject,  we  see 
that  in  spermatologjf  although  there  is  a  tendency  towards  an  uni- 
formity of  type  throughout  the  animal  kingdom,  yet  in  its  grand 
divisions  it  has  a  distinctness  of  physical  character  and  mode  of 
development  only  reconcilable  with  the  view  that  they  appeared 
upon  the  earth's  surface  by  separate  and  special ^fo  of  the  Deity; 
and  not  only  would  this  view  be  entertained  in  regard  to  grand 
divisions,  but  would  extend  even  to  classes  and  families.  It  may  be 
asked  if  thqre  is  any  evidence  how,  or  in  what  condition  they  ap- 
peared. The  answer  would  be  from  data  of  this  kind,  that  thej 
were  created  as  adulU.  For,  did  all  the  animals  primitively  exist 
as  ova,  this  would  presuppose,  beside  it,  a  fecundating  power,  which 
we  have  seen  to  exist  only  in  the  spermatozoa,  and  which  have  their 
origin  from  a  peculiar  cell  development.  Now  as  it  is  the  material 
representation  of  the  potential  whole  of  the  male,  it  appears  that, 
from  this  and  its  mode  of  development,  it  should  spring  from  the 
male,  rather  than  the  male  from  it ;  and  if  we  consider  the  minute- 
ness of  their  size,  there  would  be  many  difficulties  attending  their 
first  fecundation.  But  if,  however,  adults  were  created,  there  would 
then  be  the  creation  of  the  fully  expressed  animal  type,  which  would 
be  not  only  more  in  accordance  with  the  works  of  the  Deity  gene- 
rally, but  also  would  furnish  a  permanent  basis  upon  which  there 
could  be  a  constant  succession  of  individuals,  and  that  too  from  that 
natural  function  of  tissues  impressed  upon  them  when  formed. 

In  studies  of  this  kind  we  ultimately  rest  on  the  confines  separatiog 
the  scientific  from  the  higher  world  of  thought ;  and  if  the  mind  is 
rejoiced  in  looking  back  upon  the  realUies  of  the  one,  it  has  much 
more  reason  to  do  so  in  looking  forward  to  the  anticipations  of  the 
other.  If,  in  pure  science,  we  are  to  have  reason  and  demonstration! 
and  not  faith,  it  is  here  that  the  latter  takes  our  hand ;  and  it  is  a 
faith,  too,  not  blind,  but  intellectual ;  and  which  is  oonstaatly  lead- 
ing us  on  to  the  full  appreciation  of  that  highest  and  most  stable  of 
mental  facts,  which  is,  the  existence  of  a  Eirst  Great  Causb,  who 
laid  the  foundations  of  the  earth,  and  by  special  fiats,  at  different 
epochs,  created  all  therein. 
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8.    On  thx  Classification  of  Mammalia.    By  Charles  Girard, 

of  Washington. 

I.      . 
The  limits  of  the  class  of  Mammalia  were  not  clearly  understood 

by  the  earlier  naturalists.  Some  groups,  which  in  former  times  were  \ 

referred  to  other  classes  (as  Cetacea  and  Bats),  have  successively  been 
brought  into  it.  None,  however,  originally  placed  in  this  class  have 
ever  required  removal  elsewhere.  Thus  the  progressive  investiga- 
tions has  always  increased  the  number  of  the  representatives  of  this 
class. 

At  the  present  day,  we  may  safely  say  that  we  know  all  the  essen- 
tial groups  of  the  class  of  Mammalia,  the  actual  limits  of  which  are 
acknowledged  by  every  naturalist.  Indeed,  we  must  expect  many 
additional  species  and  genera  which  time  and  labor  will  bring  to 
light,  ^ther  in  a  fossil  state  from  various  depths  in  the  strata  which 
constitute  the  solid  crust  of  our  globe,  or  else  from  its  actual  surface, 
and  belonging  to  the  living  fauna  contemporary  with  the  human  races. 
Suck-additions  are  not  expected  to  change  or  modify  the  boundaries 
of  tKb  class,  though  they  may  have  some  importance  in  the  subdivi- 
sions and  methodical  arrangement  of  the  minor  groups. 

The  division  of  the  class  into  secondary  or  minor  groups,  the 
relationship  and  subordination  of  the  latter,  have  attracted  the  at- 
tention of  all  general  virriters  on  zoology.  Almost  every  one  has 
attempted  a  classification  in  accordance  with  the  value  attributed  to 
one  series  of  characters,  rather  than  to  another. 

The  most  ancient  authors  seem  to  have  occupied  themselves  but 
little  with  zoological  characters  :  hence  the  subdivisions  which  they 
establish  among  Mammalia  are  based  upon  their  mode  of  life,  or  the 
elements  in  which  they  live. 

Next  we  see  the  subdivisions  based  upon  external  characters,  the 
most  striking  being  selected,  such  as  the  locomotive  members. 

All  this  prior  to  the  eighteenth  century. 

Towards  the  end  of  that  very  century,  however,  comparative  ana- 
tomy started  as  a  science ;  and  at  the  beginning  of  the  nineteenth, 
it  introduced  an  entirely  new  method  of  classification.  Systematic 
zoology  underwent  a  metamorphosis. 

The  first  half  of  the  present  century  had  not  yet  elapsed,  when 
another  science  grew  up  with  rapid  steps,  claiming  her  share  in  the 
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question  of  tbe  natural  classification  of  the  animal  kingdom  :  '^e 
allude  to  embryology.  The  formation  of  the  young  mammal,  its 
genesis,  its  development  prior  to  the  period  when  it  makes  its  first 
appearance  in  the  world,  if  not  entirely  unveiled  yet,  are  no  longer 
mysterious,  and  their  bearing'upon  systematic  zoology  is  universally 
felt. 

Palaeontological  data  are  not  less  important  in  arriving  at  a  natu- 
ral classification,  than  those  derived  from  either  comparative  anato- 
my or  embryology ;  and  indeed  palaeontology,  comparative  anatomy 
and  embryology,  hold  an  equal  rank  in  respect  to  zoology. 

As  investigations  progress  in  these  fields  of  researches,  new  light 
is  daily  thrown  on  some  obscure  points,  and  difficult  questions  are 
thus  elucidated ;  but  as  yet,  no  methodical  arrangement  of  the  class 
of  Mammalia  has  been  universally  adopted  :  there  is  still  as  much 
diversity  of  opinion,  and  perhaps  even  more,  at  the  present  time, 
than  in  the  two  past  centuries,  although  as  a  whole  our  views  on  the 
subject  have  been  improved  upon  those  of  our  ancestors. 

n. 

In  order  to  render  more  tangible  our  thoughts  on  the  subordina- 
tion of  the  various  groups  which  constitute  the  class  of  Mammalia, 
we  have  prepared  the  accompanying  plate,  which  we  shall  now 
examine. 

The  orders  Edentata  and  Marsupialia  are  considered  as  the 
trunks  of  the  class  :  these  two  groups,  we  place  on  the  same  level. 
They  constitute  the  foundation,  the  bottom  of  the  class,  and  accord- 
ingly are  the  lowest  of  all. 

The  trunk  of  Edentata  sends  out  three  diverging  stems,  the  Mono- 
tremata,  the  Edentata  proper,  and  the  Tardigrada*  :  an  herbivorous 
stem  {Tardigrada  s.  Gravigrada),  an  insectivorous  stem  {Edentata 
proper),  and  a  carnivorous  stem  (Monotremata).  The  camivorism 
in  the  trunk  of  Edentata  is  of  the  lowest  grade,  and  subordinated ; 
as  the  carnivorous  propensities  only  attack  invertebrates,  that  is  to 
say,  animals  of  a  much  inferior  rank,  comparatively  very  weak  and 
defenceless. 


*  The  graphic  representation  on  a  plane  surface  has  caused  the  stem  of  Tardi- 
grada  to  be  separated  from  its  tmnk ;  but  in  bringing  into  contact  both  edges  of 
the  plate,  we  woold  obtain  a  figure  similar  to  that  of  Marsupialia.  Instead  of  s 
flattened  surface,  we  want  an  ideal  cone  for  both  trunksb 
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Above  Monotremata  we  place  Cetacea  ( whales  and  dolpbins) ; 
Edentata  proper,  above  the  Luectivara  ;  and  above  Tardigrada,  the 
Sirenidia,  or  so-called  herbivorous  cetaceans,  the  PachydemtiUa  and 
Ruminantia. 

The  trunk  of  Marsupialia  exhibits  likewise  three  stems,  an  herhi" 
varouSf  an  insectivorouM  and  a  carnivorous.  Above  which  we  have  : 
the  Rodentia,  continuing  the  herbivorous  stem ;  the  Jnaecttvora^ 
continuing  the  insectivorous  stem  in  common  with  Edentata  proper ; 
and  CamivorUf  continuing  the  carnivorous  stem. 

Thus  above  Edentata  and  Marsupialia,  we  have,  on  another  level : 
Cetacea,  Sirenidia  and  Walrus,  Pa^hyderrfuUa,  Ruminantia,  Ro- 
dentia, Insectivora  and  Camivora;  that  is  to  say,  all  the  normal 
types  which  represent  the  full  development  of  the  class  as  syntheti- 
cally combined  in  Edentata  and  Marsupialia  below. 

The  fact  that  Insectivora  are  foreshadowed  both  by  Edentata  and 
Marsupialia,  shows  that  there  exists  a  close  connection  between  the 
two  trunks  of  the  class.  The  insectivorism  is  intermediate  in  rank 
between  herbivorism  and  camivorism ;  it  is  of  a  higher  grade  than 
the  former,  and  of  a  lower  than  the  latter.  The  predominating  fea- 
ture of  the  trunk  of  Edentata  consists  in  the  vegetable  diet,  and  in 
the  want  of  a  complete  set  of  teeth ;  the  predominating  feature  of 
the  trunk  of  Marsupialia,  on  the  contrary,  consists  in  the  animal 
diet,  and  the  possession  of  a  complete  set  of  teeth.  Accordingly 
there  can  be  no  doubt  that  Edentata  are  lower  in  grade  than  Mar- 
supialia :  they  are  the  lowest  grade  in  their  class. 

It  will  be  obvious,  also,  that  here  Edentata  rank  the  lowest  in 
grade  amongst  the  normal  groups  of  the  class ;  still  showing  that 
Sdentata  are  inferior  to  Marsupialia,  the  latter  foreshadowing  groups 
of  a  marked  superiority. 

Now  there  are  other  groups  which  we  place  on  still  another  level 
above  the  normal  types,  although  not  of  an  absolute  superiority. 
Their  place  can  be  nowhere  else ;  their  history  must  follow  that  of 
the  normal  types  from  which  they  proceed :  the  Bradipodida  (or 
sloths),  arising  from  the  herbivorous  stem  of  Edentata ;  the  Sciuridee 
(or  squirrels),  arising  from  the  stem  of  Rodentia ;  the  Cheiroptera 
(or  bats),  arising  from  the  stem  of  Insectivora ;  and  the  Quadrumana 
(or  monkeys),  arising  from  the  stem  of  Camivora. 

We  consider  these  as  so  many  shoots  of  the  mammalian  tree,  which 

\vent  beyond  the  vital  sphere  of  activity  of  the  class;  in  other  words, 

deviations  from  the  normal  development  of  the  class. 

21 
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Ill 

§  1.  Let  UB  return  now  to  some  of  the  groups  mapped  down  on 
our  chart  of  the  ideal  gradation,  and  state  in  a  very  brief  manner 
their  most  striking  zoological  features  and  relationships. 

To  begin  with  Edmtata,  which  we  concluded  were  the  lowest  of 
the  class :  when  looking  at  those  creatures  amidst  the  other  groups, 
we  cannot  help  being  strangely  struck  by  their  sing^ular  physiogno- 
my, and  the  still  more  astonishing  association  of  characters,  'which 
appear  sometimes  rather  borrowed  from  other  classes,  than  as  be- 
longing to  that  oi  Mammalia.  We  need  only  call  to  mind  the  water- 
mole  {Omiihorhynchua)  of  New-Holland,  the  pangolins  [Manis)  of 
Asia  and  Africa,  the  anteater  (Jjiyrmecophaga)  and  armadillos 
[Dasyptis)  of  South  America,  the  aard-vark  {Orycteropm)  of  the 
Cape  of  Good  Hope,  and  the  sloths  of  tropical  America,  which  con- 
stitute the  three  orders  Manotremata,  Edentata  proper,  and  Tardi- 
gradat  the  one  as  strange  as  the  other. 

The  Monotremata  exhibit  the  lowest  grade  of  mammalian  orga- 
nization. They  are  ovoviviparous ;  the  young  are  without  uterian 
connection  with  the  mother,  but  they  are  suckled  by  the  latter.  In 
that  respect  they  approach  nearest  to  birds  and  reptiles  ;  the  struc- 
ture of  their  sternum  and  shoulder,  also,  presents  a  great  resem- 
blance to  the  same  parts  in  lizards  and  icthyosauri.  Their  position 
at  the  bottom  of  the  order  of  Edentata  is  justified  by  the  fact  that 
one  genus  {Echidna)  is  completely  deprived  of  teeth,  whilst  the 
other  ( Omitkarhynchus)  possesses  but  a  few  insignificant  ones.  These 
two  genera,  which  constitute  by  themselves  the  whole  order,  may 
just  as  well  constitute  two  families,  so  wide  are  the  differences  in 
their  general  appearance  and  structure. 

The  Edentata  proper  constitute  a  group  exceedingly  remarkable, 
composed  of  a  few  genera  likewise  very  strange  in  their  characters, 
strange  in  their  external  features,  strange  in  all  their  relations.  The 
differences  amongst  these  genera  are  so  great  that  they  have  been 
made  the  types  of  as  many  families  by  systematic  writers,  and  we 
believe  with  great  propriety.  The  absence  of  teeth  is  the  only  cha- 
racter by  which  they  are  united,  although  this  character  is  not  abso- 
lute, inasmuch  as  grinding  teeth  in  a  very  rudimentary  state  are 
observed  in  some  few  :  the  front  teeth  or  incisors — those  never  exist 
in  Edentata.  Edentata  moreover  are  provided  with  strong  nails  or 
claws  to  the  four  locomotory  extremities. 
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!Each  of  the  types  in  Edentata,  by  its  strange  appearance,  recals 
to  mind  another  order  of  things,  another  physical  period  in  the 
earth's  history,  of  which  they  are  mere  reminiscences.  I 

The  Tardigrada  divide  into  two  groups,  one  completely  extinct, 
the  remains  of  which  are  found  in  the  tertiary  deposits  of  South 
America  chiefly,  the  Tardigrada  gravigrada  or  Megatherida  ;  and 
another  exclusively  composed  of  li\ang  representatives,  the  Tardi- 
grada bradipodida  or  sloths  of  Central  and  South  America. 

§  2.  The  order  Marsupialia  is  another  combination  into  one  group 
of  strange  forms  and  strange  characters,  quite  as  diversified  and 
heterogeneous  as  in  the  Edentata,  although  Marsupialia  seem  cast 
upon  a  more  uniform  external  mould.  The  great  diversity  resides 
in  the  physiognomy,  and  in  the  structure  of  the  teeth. 

In  Edentata,  we  have  seen  the  dentition  so  defective,  that  in 
several  cases  teeth  were  entirely  absent.  Here  in  Marsupialia  the 
dentition  is  greatly  developed,  becomes  a  permanent  character,  and 
requires  a  contrasting  importance.  The  incisors,  it  is  true,  are  no- 
where six  in  each  jaw,  which  is  the  normal  number ;  showing  that 
at  the  outset  the  number  was  of  a  subordinate  value,  as  well  as  the 
relative  signification  of  the  different  kind  of  teeth.  Nevertheless  it 
can  be  distinctly  shown  that  the  three  orders  following,  Rodentia, 
Insectivora  and  Carnivora,  are  synthetically  combined  and  fore- 
shadowed in  the  group  of  Marsupialia,  which,  when  considered 
zoologically  in  itself,  cannot  but  strike  any  one  as  an  odd  group 
standing  isolated  in  the  actual  creation. 

§  3.  The  order  of  Cetacea,  the  lowest  amongst  the  normal  groups, 
may  be  subdivided  into  three  families.  The  first  and  lowest,  the  fami- 
ly of  BalcBnidcBt  is  characterized  by  the  absence  of  teeth,  or,  if  not 
entirely  absent,  they  have  no  function.  These  are  the  toothless  or 
edentated  cetaceans^  reminding  us  of  the  order  of  Edentata  proper, 
our  second  prophetic  type.  The  second  family,  that  of  Physeteridce, 
exhibits  well  developed  teeth  on  the  lower  jaw,  and  rudimentary 
ones  on  the  upper  :  the  subdentated  cetaceaTis  of  the  authors*.  The 


*  PhyseteridiB,  or  sperm-whales,  are  more  nearly  allied  to  dolphins  than  to 
whales,  if  we  take  into  consideration  the  structure  of  the  whole  skeleton.  We 
might  even  say  that  PhyseteridsB  are  gigantic  dolphins  in  which  the  deyelopment 
of  teeih  has  stopped,  and  the  body  increased  beyond  all  proportion.  That  colossal 
mass  which  sperm-whales  partake  with  the  whales  proper,  is  of  an  incontestible 
inferiority,  as  it  is  unfit  for  graceful  movements ;  but,  on  the  other  hand,  the 
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third  family,  tbat  of  Ddphinidee,  seems  to  complete  the  progresuTe 
series  in  the  development  of  teeth ;  for  the  latter  exist  here  on  both 
jaws,  whence  the  name  of  ambidefUcUed  cetaceans.  The  fourth  family, 
that  of  HeterodontidcBf  includes  the  nar whale  or  predentated  cetaceans, 
and  some  other  types  in  which  the  dentition  is  losing  both  its  shape 
and  its  function.  The  Manodan  (narwhale)  is  closely  allied  to  J^ho- 
c€Bna  (porpoise),  whilst  Hyperoodon  comes  nearer  to  Ddphinus.  The 
other  genera  are  deviations  or  reminiscences  of  the  other  families. 
Heterodonts,  then,  must  follow  the  dolphins  in  a  natural  and  aerial 
classification.  The  order  of  Cetacea  begrins  with  the  whales,  and 
closes  with  heterodonts ;  the  real  superior  groups  are  those  placed 
in  the  middle,  the  Delphinidae,  which  represent  the  normal  cetacean 
type.  They  are  the  smallest  of  the  order,  and  possess  two  fresh-ivater 
representatives,  one  closely  allied  to  dolphins  proper,  the  second 
bearing  some  far  relations  to  Physeteridae  (sperm-whale),  and  to  the 
genus  Hyperoodon  of  the  heterodonts  family. 

The  morphology  of  the  teeth  in  Cetacea  is  very  interestingr,  and 
instructive  in  a  philosophic  point  of  view,  when  the  relationships  of 
this  order  with  the  Edentata  are  well  understood.  In  the  lowest  type, 
teeth  remain  undeveloped ;  in  the  highest,  they  cover  the  whole  sur- 
face of  both  jaws,  but  are  of  one  kind  :  incisors,  canines  and  grinding 
teeth  are  not  known  amongst  cetaceans.  This  fact  alone  Mroald 
ascribe  to  them  an  inferior  rank  amongst  the  normal  groups  of  the 
class. 

§  4.  The  affinities  of  the  so-called  herbivorous  cetaceans,  or  Si- 
renidae,  with  pachyderms,  have  been  alluded  to  by  several  authors. 
In  1834  Fred.  Cuvier*  wrote  the  following  remarkable  sentence: 
<'  The  group  of  herbivorous  cetaceans,  composed  of  genera  inti- 
"  mately  connected  together,  are  related  to  the  pachyderms  by  the 
'<  manati."  And  farther  on  (page  6)  he  remarks  that  they  come  nearer 
to  pachyderms  than  to  cetaceans.  In  1838  they  were  definitively 
removed  from  the  Cetacea,  and  actually  placed  amongst  Pachy- 
dermataf.  Upon  this  point,  every  naturalist  now  agrees.  Sirenidse  are 
the  lowest  grade  among  pachyderms  :  even  if  considered  as  parallel 


material  strength  is  developed,  and  the  mnscnlar  power  increased  to  harmoniBe 
with  the  immensity  of  the  element  in  which  they  live.  Balienidae^  the  lowest  of 
the  order,  are  likewise  amongst  the  largest 

*  Histoire  Naturelle  des  Getae^s,  p.  84. 

t  Owen,  in  Proceed.  ZooL  Soc,  London. 
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to  pachyderms,  they  still  must  rank  lower  in  a  natural  classification. 
They  are  aquatic,  provided  only  with  the  anterior  limbs  constructed 
for  swimming.  Unlike  the  cetacea,  they  live  near  the  land,  and  may 
occasionally  creep  along  a  beach ;  undoubtedly  representing  a  higher 
step  in  the  class,  and  an  approximation  towards  the  subaquatic  Hip- 
popotamus, which,  together  with  the  tapir,  show  intimate  relation 
"with  the  manati  and  dugong.  The  Dinotherium,  and  other  fossil  re- 
presentatives of  the  group  of  Sirenidia,  seem  to  synthetise  the  living. 
^nera  of  their  groups  together  with  both  the  proboscidian  pachy- 
derms and  the  ruminants.  This  synthesis,  however,  cannot  yet  be 
fully  understood.  The  earth's  crust  has  not  yet  yielded  all  the  data 
by  which  alone  we  delineate  the  history  of  the  pachyderms  and 
allied  groups  from  their  cradle  up  to  our  days. 

Amongst  the  living  genera,  we  observe  the  following  particulars  : 
The  Manati,  when  young,  have  on  the  lower  jaw  two  small  incisors 
directed  forwards  and  downwards,  reminding  us  of  the  tusks  in  Di- 
notherium. The  presence  of  tusks,  therefore,  assigns  to  the  latter  a  ^^ylH^ 
lower  position.  In  Halicore,  tusks  exist  on  the  upper  jaw,  as  in  the 
elephant,  with  which  the  genus  Rytina  seems  also  related  by  its 
teeth,  although  completely  deprived  of  tusk  of  any  kind. 

§  5.  The  position  of  the  Walrus  is  between  Sirenidia  and  Pachy- 
dermata ;  they  belong  to  the  pachydermic  order  by  structural  evi- 
dences, and  bear  only  analogies  to  the  seals.  They  constitute  a  small 
group  whose  distinctive  features  from  Manati  consist  in  the  presence 
of  four  locomotive  members ;  and  from  the  other  pachyderms,  in 
having  these  four  locomotive  members  adapted  for  aquatic  habits. 

§  6.  The  order  of  Pachydermata  is  the  least  understood  of  all, 
on  the  very  ground  that  its  history  belongs  chiefly  to  the  past ;  and 
since  Sirenidia  and  Trichechidss  ( walrus  )  are  referred  to  the  same 
group,  it  becomes  difficult  to  determine  the  relationships  between  the 
living  and  the  extinct  representatives  in  order  to  establish  a  gra- 
duated series. 

We  are  satisfied  of  the  existence  of  two  progressive  series  in  the 
pachydermic  groups,  in  the  following  way  : 


326  D.  NATURAL   HISTORY  AND  PHYSIOLOGY. 
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wrrHotn  PROBoeciB. 
EQUID^ 

sum^ 

HYRAOiDuE, 
RHINOCEROTID^ 
HIPPOPOTAMID^ 
TRICHEGHID^ 


PBOBOfiCX^UNB.    • 

ELEPHANTH)^ 

MASTODONTU)^ 

RYTINID^ 

HALICflORID^ 

MANATID^ 

BINOTHERID^ 


ANOPLOTHERIDiE, 
PAL^^EOTHERIDJE. 

At  the  bottom  of  the  order,  the  extinct  Palaeotherium  and  Anoplo- 
tberium  :  on  one  side  the  proboscidians,  and  on  the  other  the  families 
which  have  no  proboscis.  The  proboscidians  are  relatively  inferior 
to  nonproboscidians,  inasmuch  as  they  are  edenUUa  in  the  general 
sense  of  the  word  :  grinding  teeth  and  tusks  alone  exist.  In  the 
nonproboscidians  the  dental  system  acquires  a  great  development, 
the  greatest  to  be  observed  in  the  edentated  trunk ;  but  as  this  de- 
velopment is  an  excessive  effort,  and  thus  brought  the  group  beyond 
its  circle  of  activity,  it  had  only  a  temporary  existence,  and  became 
almost  extinct  in  the  present  era. 

The  history  of  pachyderms  will  &rm  a  contrasting  epkode  com- 
pai'ed  to  that  of  Cetacea,  when  it  shall  once  be  written  out  fully. 
Our  hypothetical  views  on  the  subject,  for  fear  that  they  should 
appear  too  premature,  we  abstain  from  giving  now. 

§  7.  As  to  the  limits  of  the  order  of  Ruminantia,  every  one  is 
agreed ;  but  not  so  with  regard  to  its  systematic  position.  Considering 
its  imperfect  dental  system,  we  see  that  it  belongs  to  the  great  divi- 
sion of  edentated  mammals.  That  ruminants  are  inferior  in  rank  to 
rodents,  we  derive  first  from  their  appertaining  to  the  ed^atated 
division,  which  we  have  seen  is  inferior  to  the  division  of  marsupials. 
Their  dentition  and  herbaceous  diet  is  a  second  very  important  fea- 
ture which  assigns  to  them  a  lower  rank  than  to  the  rodents,  which 
feed  chiefly  on  bark  and  fruits,  a  food  superior  to  grass  and  leaves. 

§  8.  Now  the  position  of  the  order  Rodeniia  is  clearly  defined  by 
what  has  just  been  said  of  the  ruminants.  Their  complete  system  of 
dentition,  and  the  similarity  in  the  insertion  of  the  incisors  in  herbi- 
vorous marsupials,  are  the  reasons  which  have  guided  us  in  this 
arrangement. 

§  9.  The  place  which  we  assign  to  the  order  of  Luectivara  is  based 
upon  a  similar  principle  :  the  affinity  of  their  dentition  and  mode  of 
life  with  the  insectivorous  marsupials  and  edentata. 
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§  10.  Pinnipedia  have  always  been  placed  below  Carnivora,  and 
Camivora  have  always  been  divided  into  digitigrada  and  planti- 
grada.  We  find  both  plantigrada  and  digitigrada  synthetically  in-  i 

dicated  in  Pinnipedia ;  not  in  the  structure  of  the  locomotive  mem- 
bers, but  in  the  profile  of  the  face. 

§  11.  In  the  eccentric  groups  of  Bradipodida,  Sciuridee,  Cheiro- 
ptera and  Quadrumana,  we  observe  the  remarkable  fact  that  they 
assume  a  general  external  resemblance  to  each  other,  that  they 
become  monkey-like  in  features  and  habits.  They  live  above  the 
ground,  in  trees  and  in  the  air ;  they  are  chiefly  nocturnal,  and  their 
diet  has  a  general  tendency  to  becoming  frugivorous.  That  Cheiro- 
ptera proceed  from  the  insectivorous  stem,  the  Quadrumana  from 
the  carnivorous  stem,  the  Bradipodidse  from  the  tardigrade  stem,  a 
thorough  comparison  of  these  types  will  convince  every  one. 

We  give  now  the  following  Mammalian  System  : 

L  QUADRUMAIiTA. 

LiEMURIDJB. 

Galeopithboidje. 

CHIBOMYIDiB. 

a  CARNIVORA, 

a.  UNOmOULATA. 

1.  DiOITIG&ADA. 

Htjenidjl 
Casidm. 

YlYEBSIDM, 
"MXJBTELLLDM. 

2.  Plaktigbada. 

Cebcx>leftidje. 

Pbootonidji. 

Ubsidjl 

&.  PINNIPEDIA. 

Fhocidje. 

m.  CHEIROPTERA. 

a.  PKUGIVOBA. 

FtEBOPODIDJL 

b,  GARNIVOBA. 

\bspekbuovidml 
YahftbidjI 
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IV.  INSECnVORA. 

Ubinaoeidjb. 

SoBIdDJB. 

TALrmiE. 

V.  HERBIVORA. 
A  BODSNTIA. 

SdUBIDJB. 

CAaroRiDjB. 

MUBIDJB. 

Myozma. 

Dipodina. 

OtenodaotyliiUL 

Murina. 

Spalacina. 

Anricolina. 

Bathyergina. 

Saccomyina. 

HTSntlQIDJB. 

Hystrioina. 
Daayproctiiia. 
Echymyina. 
Ootodontina. 
Chinchillina. 
Caviina. 
Lkfobidjb. 

h,  BUHINAirnA. 

Oajoudopabdaudjb. 

OAMKUDiB. 

Antklopidje. 
Gkrtiidjc. 

MofiGHIDJB. 
BOTIDJC. 

CL  PAOHYDEBMATA 
Equidjb. 

SUIDJB. 

Htracidjb. 

RmNOGEBOTlDB. 
HlFFOFOTAlIIDiE. 

tucbxohidji. 

Anofix>ibxbid.c 


VL  CETAGEA. 


ma8t0dontzda. 
Bttinidjb. 
Hauoboubjb. 
Makatidjb. 


Srbbodontidjb. 

DKLFBOriDiB. 


Balmkwm. 


ZOOLOOT.  dS9 

Vn.  MABSUPTATiTA 
flk  GABNITOBA. 

Thtlaoinidje. 

IhDKLPHIDA. 
J>ABYVKn>M. 

b.  mSBOTTVOBA. 

POLAMKLIDJB. 

&  hebbiyoba. 

Phalanobtidje. 
Phabooloictidje. 
Maobopodidjb  {HalmaHtridcB). 

Vm  EDENTATA. 

a,  TABDIGBABA 

BsADIFODlDiE. 
MiGATHKRmjB. 

b.  SDEIfTATA  PBOPO. 

da6tfodid.b. 
Obtctebopodida. 
Mtbhboophaoioa. 
Maxioa. 

e,  MOKOTBEMATA 

eohidnidjb. 
Obmiihobstvohzdje. 

IV. 

§  1.  The  data  relating  to  the  earliest  appearance  of  the  clafls  of 
Mammalia  lead  us  as  far  back  in  the  earth's  history  as  the  period  of 
the  oolite.  There  we  find  it  displaying  but  a  small  number  of  forms 
under  the  shape  of  marsupials,  more  intimately  allied,  however,  to 
our  opossum  tham  to  any  of  the  Australian  types.  These  first  repre- 
sentatives of  the  class  inhabited  that  geographical  portion  of  the 
globe  now  called  the  British  Islands. 

The  conclusions  to  which  Cuvibr  had  arrived,  viz.  that  the  epoch 
of  the  appearance  of  mammals  was  the  tertiary  in  the  series ;  his 
beautiful  researches,  his  remarkable  discourses  on  the  revolutions  of 
the  globe,  were  present  to  the  mind  of  every  one.  Now  came  that 
fossil  jaw  of  an  opossum-like  animal,  which  seemed  to  contradict 
these  philosophical  deductions.  The  mammalifem  nature  of  the  jaw 
was  denied  by  some,  exagg^erated  by  others :  its  geological  position 
in  the  oolite  was  considered  as  accidental;  but  all  attempts  at 
rejecting  these  remains  from  the  class  of  mammalia  have  proved 
unsuccessful;  time  and  repeated  investigations  have  concurred  in 
showing  that  they  were  true  mammals,  and  that  they  truly  belonged 


> 


330  D.  NATURAL   HISTORY  AND   PHYSIOLOGY. 

to  the  oolitic  period.  And  instead  of  contradicting  the  formerly 
ascertained  results,  these  facts  now  complete  the  palseo-history  of 
the  class,  and  illustrate  most  beautifully  the  gradual  introduction  of 
the  different  groups  of  the  animal  kingdom  upon  the  surface  of  our 
globe.  For  it  remains  true  that  the  class  of  mammalia  acquired  a 
full  development  during  the  tertiary  epoch  only  ;  the  tertiary  types 
were  preceded  in  the  secondary  epoch  by  these  marsupials,  and  in 
some  sort  foreshadowed,  predicted  by  them.  The  marsupials  being 
zoologically  inferior,  they  are  geologically  the  first  created.  Their 
abnormal  forms,  the  disproportions  of  some  of  their  limbs,  illustrate 
the  first  evolution  of  the  mammalian  activity.  Their  bringing  forth 
their  young  in  an  imperfect  state  of  development,  and  the  existence 
of  an  external  pouch  to  protect  that  progeny,  assign  to  them  an 
inferior  rank.  The  fact  that  there  are  among  them  carnivorous, 
insectivorous,  and  herbivorous  types,  indicates  clearly  that  they  com- 
bine these  groups  of  which  they  are  the  prototype  in  the  Creator's 
thought,  and  their  precursors  in  time. 

As  the  development  of  the  class  went  on,  and  the  foreshadowed 
groups  appeared  as  distinct  and  independent  manifestations  of  the 
mammalian  organization,  the  marsupialian  group  was  preserved 
within  the  limits  of  its  original  conception  up  to  our  epoch,  io 
which  it  stands  as  an  odd  group  which  reminds  us  of  a  past  order 
of  things.  In  the  actual  fauna,  Marsupialia  are  an  isolated  >type  \rliich 
has  deceived  and  misled  all  the  systematic  writers ;  still  combining 
characters  of  several  other  types,  if  it  is  not  understood  that  they 
are  prototypic,  and  the  lowest,  they  will  give  rise  to  conteats  as  to 
their  position  in  the  system. 

No  facts  illustrate  better  the  immateriality  of  the  relations  which 
exist  between  the  various  groups  of  this  class  :  they  may  fore^adow, 
they  may  prophetise,  but  they  will  continue  to  exist.  There  are  no 
material  transformations,  no  material  permutations,  £rom  one  group 
to  another;  for  if  such  was  the  case,  those  first  created  groups, 
combining  those  of  a  later  appearance,  would  not  be  found  posaesaing 
the  same  material  attributes,  the  same  circle  of  vital  activity  as 
before.  On  the  other  hand,  when  the  fbreshadowed  groups  appear, 
they  lose  their  zoological  importance,  and  accordingly  are  confined 
to  a  geographical  province  physically  lower,  to  remind  us  of  tbeir 
low  position  in  the  system. 

§  2.  But  if  Edentata  are  zoologically  the  lowest  of  the  claast  they 
should  have  been  created  the  first  in  time,  or  at  least  be  centempo* 
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raiieous  with  Marsupialia.  As  far  as  our  present  knowledge  respect- 
ing the  fossil  remains  of  mammals  goes,  Edentata  are  not  known 
prior  to  the  miocene  strata  of  the  tertiary  epoch ;  hut  in  those  very 
strata,  their  remains  are  so  numerous,  and  exhibit  such  a  diversity 
of  generic  forms,  that  we  must  conclude  from  these  facts  that  Eden- 
tata have  acquired,  if  not  the  maximum  of  their  development,  at 
least  a  large  portion  of  it,  during  the  first  period  of  their  creation. 

This  great  development  of  Edentata,  at  the  presumed  dawn  of 
their  existence,  is  in  contradiction  with  the  general  law  which  has 
presided  over  the  development  of  all  other  groups  of  the  animal 
kingdom  :  each  group,  each  natural  order  or  family,  the  history  of 
which  has  been  investigated  in  past  times,  has  manifestly  shown  a 
development  parallel  to  that  of  the  individual  life :  1st,  an  early 
period — corresponding  to  that  of  youth — during  which  the  group 
has  but  a  small  number  of  representatives ;  2d,  a  period  of  full 
development — corresponding  to  that  of  the  adult — during  which 
the  gi'oup  exhibits  the  greatest  diversity  which  was  in  its  power  to 
assume;  3d,  finally  there  is  a  period  of  decline  —  corresponding 
to  old  age  and  fall— during  which  period  the  individuals  are  less 
numerous.  In  the  class  of  Mammalia  there  are  comparatively  few 
groups  which  have  thus  reached  the  third  period  of  their  history, 
and  passed  away  from  the  surface  of  oui*  earth.  The  majority  have 
just  attained  their  period  of  fullest  development  at  the  beginning  of 
the  human  era,  and  are  actually  in  existence  upon  the  external 
surrounding  crust  of  our  planet. 

According  to  these  facts,  and  satisfied  that  the  systematic  position 
which  we  have  assigned  to  Edentata  is  natural,  and  in  accordance 
with  the  general  plan  of  the  creation,  we  predict  that  remains  of 
^Edentata  will  be  found  in  the  strata  below  the* miocene  ;  that  they 
will  be  found  in  secondary  beds  at  least  as  low  as  the  Oolite,  if  not 
farther  down.  If  they  prove  to  be  of  a  decidedly  lower  zoological 
grade  than  Marsupialia,  they  must  have  been  introduced  on  earth 
before  the  latter ;  and  if  parallel  with  them,  they  must  have  been 
contemporaneous.  In  the  actual  era,  the  order  of  Edentata  is  in  its 
period  of  decline  :  its  representatives  now  living  are  much  less 
numerous  than  the  extinct  ones  already  known. 

§  3.  The  Pachydermata  constitute  another  group,  whose  history 
chiefly  belongs  to  past  times.  They  are  known  to  have  existed  as 
early  as  the  eocene  period;  the  miocene  is  the  period  of  their 
grreatest  dvelopment ;  they  diminish  in  number  in  the  pliocene,  and 
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finally  tlie  living  representatives  are  still  less  numerous.  So  that 
pachydermata  are  in  the  period  of  their  decline,  as  well  as  edentata. 

Now  as  far  as  is  known,  these  two  groups,  Pachydermata  and 
Edentata,  are  the  only  ones  in  the  class  of  Mammalia  whose  circle 
of  activity  has  been  exhausted  in  geological  ages. 

The  two  series  which  we  have  established  among  pachyderms  will 
have  to  be  carefully  studied  geologically. 

The  oldest  remains  known  of  Sirenidia  have  been  discovered  in 
the  lowest  beds  of  the  miocene  period. 

The  oldest  remains  of  ruminants  known,  belong  to  the  middle 
strata  of  the  miocene  period. 

Cetaceans  are  contemporaneous  with  the  ruminants ;  it  being 
always  understood  that  we  speak  of  the  actual  state  of  our  know- 
ledge. 

Rodentia,  which  we  consider  the  highest  amongst  Herbivora,  are 
foreshadowed  by  Marsupialia,  the  second  synthetical  type.  Rodentia  . 
make  their  first  appearance  at  the  beginning  of  the  eocene  period, 
the  first  of  the  tertiary  epoch. 

And  so  do  the  Camivora  proper  and  Pinnipedia,  parallel  in  their 
genetical  development ;  although,  zoologically  speaking,  Pinnipedia 
are  lower,  and  synthetise  the  two  groups  of  carnivorous  digitigrades 
and  plantigrades. 

Insectivora,  which  are  shadowed  by  both  Edentata  and  Marsu- 
pialia, are  not  known  in  the  eocene  :  their  remains,  hitherto  found, 
belong  to  the  miocene  and  strata  above. 

Quadrumana  and  Cheiroptera  have  left  some  of  their  remains  in 
the  middle  strata  of  the  eocene  period. 

The  annexed  diagram  is  intended  to  sketch  out  the  history  of  the 
class  of  Mammalia,  prior  to  the  epoch  of  mankind. 

§  4.  If  we  look  now  at  the  geographical  distribution  of  Mammalia, 
which  is  regulated  by  laws,  we  may  point  out  some  fiicts  of  a  very 
striking  interest,  and  which  corroborate  the  foundation  of  our  clas- 
sification. 

The  globe  and  the  animal  kingdom  were  created  for  one  another; 
the  globe,  however,  was  made  for  the  kingdom,  matter  being  sub- 
ordinate to  life.  During  each  of  the  geological  ages,  and  even  during 
each  period  or  era,  the  physical  features  of  the  globe  have  assumed 
a  peculiar  character.  The  animal  creation  has  likewise  assumed  a 
peculiar  zoological  character,  always  in  a  direct  relation  with  the 
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physical  characters  of  the  time  and  the  special  physical  wants  of  the 
globe. 

There  are  two  points  of  view  to  be  taken  into  consideration  when 
investigating  the  introduction  of  life  upon  the  surface  of  our  globe, 
but  these  we  cannot  discuss  at  length  here  :  we  must  limit  ourselves 
merely  to  the  signalizing  of  them. 

1.  Life,  from  Its  first  manifestation  upon  the  globe,  may  have 
undergone  a  gradual,  slow,  and  continuous  development ;  in  which 
case  a  single  and  unique  creation,  passing  through  divers  metamor- 
phoses to  suit  the  wants  of  the  globe,  renewing  itself  without  the 
necessity  of  a  special  creation  at  the  beginning  of  each  period,  would 
seem  the  real  doctrine. 

2.  Life,  after  its  first  introduction  on  earth,  might  have  ceased  at 
the  end  of  each  period,  and,  at  the  beginning  of  each  one,  a  new 
creation  called  forth,  purposely  made  to  suit  the  physical  wants  of 
the  new  era.  Thus  numerous  creations  would  have  succeeded  each 
other  without  any  material  connection,  or  any  genetic  relationship, 
but  physically  independent  of  each  other. 

Both  of  these  views  have  their  defenders  and  opponents.  The 
choice  of  one  or  the  other  is  of  no  consequence  in  regard  to  the  fact 
which  we  are  now  tracing,  as  soon  as  we  can  admit  that  at  each 
period  the  animal  kingdom  was  in  a  direct  relation  tinfh  the  physical 
wants  of  the  globe. 

The  physical  wants  of  our  planet  went  on  increasing  with  Time, 
both  in  number  and  importance ;  and  the  same  may  be  said  of 
animal  life.  The  relations  of  these  two  worlds  are  so  intimate,  that 
the  zoological  subordination  of  the  groups  will  give  us  the  relative 
physical  superiority  of  tho  continents  above  one  another ;  and,  vice 
versa,  the  relative  physical  superiority  of  the  continents  will  point 
to  the  zoological  gradations  of  the  groups  composing  the  class  of 
mammalia. 

Now  let  us  look  at  the  facts.  The  lowest  Mammalia,  the  Mono- 
tremata,  belong  exclusively  to  Australia.  Australia  is  physically  the 
lowest  continent.  M arsupialia  are  also  limited  to  the  same  continent. 

The  next  in  grade  after  Monotremata  are  the  Edentata  proper, 
which  belong  chiefly  to  South  America ;  the  Manidas  and  Oryctero- 
podidae  alone  being  African.  South  America  and  Africa  rank  above 
Australia ;  and  although  Marsupialia  are  placed  by  us  above  Eden- 
tata generally,  the  consequence  of  their  occurring  in  Australia  does 
not  contradict  the  assumption  that  Australia  is  physically  lower  than 
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Africa  and  South  America.  The  fact  that  the  lowest  among  Edentata 
are  Australian,  and  the  highest  among  Marsupialia  (the  Didelphidae) 
are  South  American,  is  very  conclusive. 

The  occurrence  of  the  opossum  in  the  southern  part  of  the  United 
States  clearly  indicates  that  this  continent  is  physically  inferior  to 
Europe  and  Asia. 

When  comparing  the  relative  superiority  of  the  continents  with 
each  other,  the  comparison,  in  order  to  remain  true,  must  be  made 
independently  of  the  influences  of  man.  They  must  be  taken  at  the 
dawn  of  their  history,  when  in  formation,  during  the  epochs  which 
have  preceded  the  cradle  of  mankind.  If  America  occupies  a  rela- 
tively low  physical  rank,  that  nation  by  which  it  has  been  taken 
possession  of,  by  which  it  has  been  subdued  and  conquered,  has 
changed  its  destinies  by  applying  to  its  elevation  the  power  of  its 
intellectual  aptitudes. 

Although  some  few  fossil  remains  of  Marsupialia  and  Edentata 
occur  out  of  the  actual  geographical  provinces  of  these  groups,  the 
greatest  number  are  found  within  the  limits  of  the  said  provinces  ; 
showing  that  the  order  which  now  prevails  at  the  surface  of  our 
globe,  takes  its  roots  in  former  ages ;  that  the  same  general  laws 
which  now  prevail,  have  presided  over  the  past. 

Amongst  the  normal  groups  of  the  class  we  have  Cetaceans,  the 
lowest,  all  aquatic;  as  are  likewise  Sirenidia,  Trichechidae,  and 
Pinnipedia.  The  pachyderms  are  tropical  :  their  actual  distribution 
on  earth  is  to  be  referred  to  a  past  order  of  things,  in  order  to  be 
understood.  The  Ruminants,  Rodents,  Insectivora  and  Camivora 
are  distributed  all  over  the  globe  in  given  proportions. 

A  general  glance  at  the  mammalian  fauna  of  North  America 
strikes  us  by  the  pieponderance  in  the  number  of  species  of  the 
order  Rodentia.  The  true  grass-feeders,  the  Ruminantia  and  Pachy- 
dermata  are  in  minority ;  although  the  new  world  has  been  opposed 
to  the  old,  and  called  the  continent  of  vegetation,  by  contrast  with 
that  of  animalization.  The  greatest  Camivora  are  absent  from 
America  :  Camivora  are  the  most  numerous  where  ruminants  are 
most  numerous,  the  former  feeding  chiefly  upon  the  latter. 

Each  group  has  a  part  to  perform  in  the  economy  of  nature. 
Camivora,  the  most  powerful  in  the  animal  creation,  check  the 
ruminants,  the  most  bulky  and  most  clumsy  of  the  terrestrial  forms 
of  the  class,  and  partly  the  rodents ;  the  rodents,  in  their  turn,  check 
the  arborescent  vegetation,  whilst  ruminants  check  chiefly  the  grass. 
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Ruminants  are  constructed  to  walk  on  the  surface  of  the  ground ; 
whilst  the  organization  of  rodents  is  adapted  either  for  ascending 
trees,  or  for  burrowing  in  the  ground.  Ruminants  are  timid,  con- 
stantly in  fear  of  becoming  the  prey  of  others,  and  have  for  their 
only  retreat  the  depths  of  the  forests,  or  the  unbounded  plains  and 
deserts. 

The  Insectivora  feed  upon  Articulata,  and  are  intended  chiefly  to 
check  the  never-resting  class  of  Insects  :  they  are  adapted  to  divers 
situations  ;  for  the  aerial  element,  the  surface  of  the  soil,  and  under 
it,  as  their  peculiar  instinct  will  lead  them  to  feed  either  on  flying, 
creeping,  or  burrowing  articulates.  The  Insectivora  increase  in 
number  from  the  north  to  the  equator,  as  the  class  of  insects  does. 

Amongst  the  eccentrical  types,  the  majority  of  the  species  inhabit 
the  warm  zone ;  a  very  significant  fact.  Cheiroptera  exist  in  both 
hemispheres,  increasing  in  number  from  the  arctic  regions  to  the 
tropics.  Quadrumana  are  chiefly  tropical ;  and  so  are  Bradipodidae. 
Flying  squirrels  belong  to  the  temperate  and  tropical  zones. 


9.    On  the  Preservation  of  Animal  Substances.    By  Dr. 

H.  GOADBY. 

Dr.  Goadby's  preserving  fluids  are  made  according  to  the  following 

formulas  : 

A  2. 

Rook  salt 4  ounces. 

Alum 4  Ounces. 

Ck>rroBive  sublimate,  4  grains. 

Water 2  quarts  {imperial  of  40  ounces). 

B. 

Rock  salt 8  ounces. 

Corrosiye  sublimate,     2  grains. 

Water 1  quart,  imperial. 

The  A  2  fluid  only  differs  from  the  A  1,  by  the  employment  of 
ttoo  quarts  of  water  to  the  same  ingredients,  instead  of  one  quart. 

B  fluid,  made  according  to  the  above  recipe,  is  adapted  to  the 
preservation  of  land  and  lacustrine  animals  :  marine  animals  require 
about  two  ounces  more  salt  to  one  quart  of  water.  The  sp.  gravity 
should  be  1,148. 
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10.    Influence  of  the  Poison  of  the  Northern  Rattlesnake 
(Crotalus  duris3usj  on  Plants.    By  J.  H.  Salisbury.  M.  D., 

of  Albany. 

On  the  eighteenth  of  June,  1851,  a  largre  female  rattlesnake,  which 
had  been  caged  in  the  New- York  State  Cabinet  of  Natural  History 
for  about  a  year  without  food,  died.  On  dissection,  its  stomach  and 
intestinal  canal  were  found  entirely  empty,  as  much  so  as  if  they  had 
been  scoured  out  with  soap-suds.  The  sack  in  which  the  poison  is 
emptied  was  laid  open,  and  the  virulent  matter  (of  which  there  waa 
but  little)  carefully  removed  and  placed  in  a  porcelain  capsule. 
About  Meen  minutes  after  its  removal,  four  young  shoots  of  the  IDac 
(Syrmga  vulgaris  J,  a  small  horse-chestnut  of  one  year's  growth 
f^sculus  hippocastanumjt  a  com  plant  fZeamaizJt  a  sunflower 
plant  (Hdianthua  annuusj,  and  a  wild  cucumber  vine,  were  seve- 
rally vaccinated  with  it.  The  vaccination  was  performed  by  dipping 
the  point  of  a  penknife  into  the  poisonous  matter,  and  then  inserting 
it  into  the  plant,  just  beneath  the  inner  bark.  No  visible  effect,  in 
either  case,  of  the  influence  of  the  poison  was  perceptible  till  about 
sixty  hours  after  it  had  been  inserted.  Soon  after  this  the  leaves 
above  the  wound,  in  each  case,  began  to  wilt.  The  bark  in  the  vici- 
nity of  the  incision  exhibited  scarcely  a  perceptible  change  ;  in  fact 
it  would  have  been  difficult  to  have  found  the  points,  if  they  had  not 
been  marked,  where  the  poison  was  inserted.  Ninety-six  hours  after 
the  operation,  nearly  all  of  the  leaf-blades,  in  each  of  the  plants 
above  the  wounded  part,  were  wilted  and  quite  dead.  On  the  fifth 
day,  the  petioles  and  the  bark  above  the  incisions  began  to  lose  their 
freshness ;  and  on  the  sixth,  they  were  considerably  withered.  On 
the  seventh  day  they  appeared  about  as  they  did  on  the  sixth.  On 
the  tenth,  they  began  to  show  slight  signs  of  recovery.  On  the  fi^ 
teenth,  new  but  sickly  appearing  leaves  began  to  show  themselves 
on  the  lilacs,  and  the  other  plants  began  to  present  slight  signs  of 
recovery  in  the  same  way.  Neither  of  the  plants  were  entirely  de- 
stroyed. 

It  was  interesting  to  mark  the  progressive  influence  of  the  poison. 
The  first  indication  of  the  derangement  of  the  healthy  functions  of 
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the  plants  wa3  observed  in  the  leaves  :  these  began  to  wilt  and  die 
at  their  edges  and  apices ;  and  this  death  gradually  and  uniformly 
advanced  on  all  sides  towards  the  middle  and  petiole,  till  the  whole 
or  nearly  the  entire  leaf  was  destroyed. 

It  is  an  interesting  fact  in  physiology,  that  the  plants  first  exhibited 
signs  of  death  in  the  leaves ;  and  stilt  more  interesting,  that  this 
death  commenced  first  in  the  leaves  on  the  side  of  the  plant  in  which 
the  poison  was  inserted*. 

The  facts  materially  deducible  from  these  experiments  are  : 

1.  That  the  effects  of  the  poison  of  the  rattlesnake  upon  plants 
and  animals,  when  introduced  into  their  circulation  by  a  wound,  are 
similart. 

2.  That  it  requires  a  much  longer  time  for  it  to  affect  the  plant, 
than  the  animal|. 

3.  That  the  effects  were  invariably  exhibited  on  the  part  above 
the  wound,  and  in  no  case  affected  the  leaves  below  it||. 

4.  That  it  invariably  affected  first  the  leaves  on  the  side  of  the 
plant  in  which  the  incision  was  made. 

5.  That  its  influence  was  invariably  first  rendered  visible  on  the 
edges  and  apices  of  the  Ieaf-blade8§. 


*11u8  BhowB  a  leflB  perfect  system  of  anastomosing  vessels  than  exists  in  the 
animal. 

f  It  is  stated,  on  good  aothority,  that  the  poison  of  the  snake  can  be  taken 
into  the  stomach  of  the  animal  with  impunity ;  its  dangerous  effects  being  only 
exhibited  when  introduoed  into  the  circulation  by  a  wound.  It  would  be  interest- 
ing to  note  its  influence  on  the  animal  when  applied  externally  to  the  skin,  to 
see  whether  its  deadly  effects  would  be  modified  by  the  absorbents. 

^  It  should  be  stated,  in  order  to  show  that  animals  were  readily  affected  by 
the  poison  of  the  snake,  that  a  short  time  previous  to  its  death,  a  rat  bitten  by 
it  died  in  about  two  hours. 

I  This  was  probably  owing  to  the  small  quantity  of  the  poison  inserted  in 
each  ease. 

^  In  this  respect  the  effects  of  this  poison  on  plants  resembles  strikingly,  in  its 
beginning  and  progress^  the  disease  which  has  for  the  last  few  years  affected  so 
mueh  the  potato. 
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11.  Obseryationb  on  the  Freezing  op  Vegetables,  and  on  the 
Causes  which  enable  some  Plants  to  endure  the  action 
OP  EXTREME  CoLD.    By  JoHN  Le  Conte,  M.  D.,  Professor  of 

Natural  Philosophy  and  Chemistry  in  the  University  of  Georgia. 

In  the  years  1775  and  1777,  John  Hunter  conununicated  to  the 
Royal  Society  two  series  of  experiments  on  the  '*Heat  of  Amiwala 
and  Vegetahles/'  from  which  he  drew  the  inference,  "that  an  ani- 
mal must  he  deprived  of  life  before  it  can  be  frozen  ;"  and  "that 
plants  wheiii  in  a  state  of  actual  vegetation,  or  even  in  such  a  state 
as  to  be  cap^ible  of  vegetating  under  certain  circumstances,  must  be 
deprived  of  their  principle  of  vegetation  before  they  can  be  frozen" 
(Phil.  Trans,  for  1775,  pp.  452  ^nd  454).  Again,  he  says,  "But  the 
question  is,  is  every  tree  dead  that  is  frozen?  I  can  only  say,  that 
in  all  the  experiments  I  ever  made  upon  trees  and  shrubs,  wfaetber 
in  the  growing  or  active  state,  or  in  the  passive,  that  whole  or  part 
which  was  frozen,  was  d^ead  when  thawed"  (Phil.  Trans,  for  177S, 
p.  40).  With  respect  to  animals t  Hunter  concluded  from  his  experi- 
ments, t)iat  when  t)ie  w^usle  was  frozen,  the  actions  of  life  could  never 
be  restored ;  but  that  the  ears  of  rabbits,  and  the  combs  of  cocb 
were  frozen  without  injnry  to  the  parts  ( Phil.  Trans,  for  1778,  p. 
34  et  seq.).  More  recent  observations  have  convinced  animal  phy- 
siologists, that  Hunter's  gjeneralization  was  premature ;  and  that  a 
degree  of  cold  which  absolutely  freezes  their  bodies  ie  not  equally 
fatal  to  all  classes  of  animals.  The  warm-blooded  vertebrata  are  de- 
stroyed by  it ;  and  many  insects,  in  their  perfect  state,  are  said  to 
suffer  in  like  manner.  On  the  other  hand,  many  fishes,  and  some 
reptiles,  may  bfs  cqmpletely  frozen  without  their  vitality  being  ne- 
cessarily lost.  Sir  John  Franklin,  Pallas,  Bell,  and  many  others  re- 
late, that  certain  species  of  fish,  which  are  found  imbedded  in  the 
ice  of  the  polar  regions,  are  restored  to  life  when  thawed.  Hearse, 
in  his  Journey  from  Hudson's  Bay  to  the  Northern  Ocean,  mentions 
his  having  found  various  species  of  frogs  so  completely  frozen  that 
their  legs  were  as  brittle  as  pipe-stems,  and  which  resumed  their 
natural  movements  when  exposed  to  a  genial  heat.  If  permitted  to 
freeze  again  after  being  thawed,  they  never  recovered.  He  found 
spiders  and  grubs  in  a  like  frozen  condition,  with  the  same  powers 
of  revivification  on  exposure  to  a  warm  atmosphere  ( Vide  Heame's 
Journey  from  Prince  Wales'  Fort,  Hudson's  Bay,  to  the  Northeni 
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Ocean,  pp.  397  et  Sd6,  Lond.  1795).  The  larva  of  insects  are  equal- 
ly tenacious  of  vitality.  Lister,  Bonnet,  and  others,  have  found  ca* 
terpi liars  so  frozen  that,  when  dropped  into  a  glass,  they  chinked 
like  stones;  but  that  they  nevertheless  revived.  The  PapUio  brassica 
has  been  produced  from  a  larva  which  had  been  exposed  to  a  cold 
of  0°  Fahr.,  and  which  had  become  a  lump  of  ice.  Spallanzani  found 
that  exposure  to  a  temperature  of  —38^  or  even  ^56®  Fahr.  did 
not  destroy  the  fertility  of  the  ova  of  silk-worms ;  and  die  eggs  of 
the  alug  have  been  subjected  to  a  cold  of  —40^  Fahr.  without  inju- 
ry. The  foUomng  experiment  upon  caterpillars,  tried  in  Sir  John 
Rosa'  voyage,  seems  to  be  perfectly  satisfactory  on  this  point.  Thirty 
larvse  of  the  Laria  rossii  were  put  in  a  box,  and  exposed  to  the 
winter  temperature  for  three  months;  on  bringing  them  into  the 
cabin,  every  one  of  them  returned  to  life  and  walked  about.  They 
were  again  exposed  to  an  atmosphere  of  -»40°  Fahr.,  and  instantly 
became  refl-ozen ;  afVer  a  week,  they  were  brought  again  into  the 
cabin,  and  twenty-three  returned  to  life.  These  were  again  exposed 
and  refh>zen ;  and,  after  being  aolid  for  another  week,  deven  of  them 
recovered  on  being  brought  into  the  cabin.  A  fourth  time  they  were 
frozen,  and  only  ttoo  survived  ( Vide  Carpenter's  Principles  of  Ge- 
neral and  Comparative  Physiology,  2d  ed.,  Lond.  1841,  pp.  158, 174 
and  175).» 

The  foregoing  fSscts  appear  to  indicate,  that  the  power  of  revivifi- 
cation after  the  complete  congelation  of  the  fluids,  is  confined  to 
animals  in  which  the  function  of  calorification  is  imperfectly  per- 
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*  The  reeebt  obseryations  of  Prot  Jamib  Paget  seem  to  ehow,  coDtrary  to  the 
opinion  of  HuNTfcs,  that  it  is  n4>t  by  the  power  of  a  vital  principle  that  eggi 
reaiat  the  infiuenee  of  cold.  His  experiments  prove,  "that  certain  things  will 
destroy  the  power  of  resisting  cold,  without  affecting  the  capability  of  being 
developed,  and  of  therein  manifesting  the  best  evidence  of  life ;  and  that  when 
cggB  yield  to  the  influence  of  intense  cold,  they  are  not  damaged  unless  they 
are  frozen,  and  are  not  killed  even  when  frofeen.**  "The  experiments  thus  remove 
almost  the  only  remaining  support  ot  the  hypothesis  that  sudi  a  vital  principle 
may  exist  in  organized  bodies,  as  may  enable  them,  even  while  inactive  and  di»- 
displaying  no  other  signs  of  life,  to  resist  passively  the  influence  of  physical 
forces."  Prof.  Paget  thinks,  that  the  fact  that  the  temperature  of  eggs  may  be 
reduced  far  below  the  freezing  point  withont  being  frozen,  is  due,  not  to  any 
vital  principle,  but  to  some  peculiarity  of  the  mechanical  constitution  of  the 
albumen,  "by  means  of  which  the  water  combined  with  it  is  held  so  steadily, 
thai  the  agitation  favourable,  or  even  necessary,  to  the  freeaing  at  or  near  82^, 
eaiuiottakeiriaoe*'(Vid«PhiLTr8]ia.foT  1850,  p.  221  etse^.). 
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£>rmed,  and  in  which  all  the  vital  processea  are  obscurely  manifested. 
As  all  the  functions  of  vitality  are  still  more  obscurely  performed  io 
plants,  we  should  naturally  expect  them  to  be  endowed  with  a 
similar  power  of  resisting  the  destructive  effects  of  freezing.  Never- 
theless, the  most  eminent  writers  on  vegetable  physiology  seem  to 
be  very  general  and  decided  in  the  opinion,  that  the  compleU  solicB- 
fication  of  the  fluids  of  a  plant  necessarily  and  inevitably  results  m 
its  death.  For,  although  it  is  well  knovm  to  practical  horticulturists, 
that  the  pernicious  consequences  of  severe  cold  on  growing  vegeta- 
bles may  be,  to  some  extent,  obviated  by  careful  and  gradual 
thawing ;  yet,  it  is  thought  that,  in  such  cases,  the  freezing  is  incom- 
plete, and  does  not  involve  all  of  the  structures  of  the  plant.  Thus, 
for  example,  M.  Aug.-Pyr.  De  Candolle,  afker  enumerating  the 
effects  produced  by  a  partial  freezing  of  the  internal  parts  of  trees, 
in  which  the  alburnum  is  the  only  part  attacked  and  disorganized, 
giving  rise  to  what  are  called  gdivures^  remarks  :  "Enfin,  si  le 
gel  est  assez  fort  pour  attendre  le  liber,  alors  la  hranche  on  Parhre 
dont  le  liber  gele  perit presque  taujours,  soit  que  la  gelee  du  liber  soil 
un  signe  de  la  gelee  totale  de  I'aubier,  soit  que  le  r6le  du  liber  soit 
lui-m6me  plus  important  et  lie  avec  la  congelation  de  tons  les  boor- 
geons"  (Physiologie  Veg^tale,  tome  3,  p.  1119,  Paris  1832).  Again 
he  says,  **  Si  elle  (la  temperature)  descend  au-dessous  de  la  conge- 
lation^  elle  solidifie  d'abord  I'eau  situee  a  I'exterieur  du  vegetal,  et 
arr^te  d*autant  la  nutrition ;  puis  elle  atteint  les  liquides  aqueux 
renferm^s  dans  le  tissu  vegetal  :  en  les  congelant,  elle  les  dilate;  de 
cette  dilatation  resulte  la  mart  du  vegetal  ou  dn  fragment  de  lapltmU 
ov  elle  a  lieuy  soit,  comme  Pont  cru  plusieurs  auteurs,  par  la  rupture 
des  cellules  et  des  vaisseaux  (fait  que  les  recherches  r^centea  de  M. 
Goeppert  rendent  au  moins  trds-douteux),  soit  par  la  denaturation 
des  sues  eux-m^mes  que  la  gel^e  tend  k  separer  en  parties  plus  oa 
moins  susceptibles  de  congelation,  soit  simplemeut  par  un  effet  vital 
sur  le  tissu  des  cellules"  (Op.  cit..  supra,  tome  3,  p.  1101).  Pro£  J. 
S.  Henslow  remarks,  that,  *'  When  the  sap  is  frozen,  the  cells  and 
vessels  in  which  it  is  contained  are  ruptured,  and  the  parts  subjected 
to  such  an  accident  die**  ( Principles  of  Descriptive  and  Physiolo- 
gical Botany,  Lardner's  Cabinet  Cyclopaedia,  p.  297,  London  1844). 
Again,  the  same  botanist  says,  that,  <'  Whenever  the  sap  does  freeze, 
it  produces  the  effect  technically  termed  *  shakes'  "  (probably  the 
roulure  of  the  French)  **  in  timber  trees,  which  consists  in  a  ten- 
dency in  the  separate  layers  of  wood  to  disunite"  (Op.  cit.  supra, 
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p.  173).  References  might  be  multiplied  to  show  how  universal  this 
opinion  is  among  the  best  vegetable  physiologists.  Although  most  of 
them  reject  the  idea  of  Hunter,  that  a  plant  must  be  deprived  of 
the  principle  of  vegetation  before  it  can  be  frozen ;  yet  they  appear 
to  be  almost  unanimous  in  the  opinion,  that  after  complete  congela- 
tion it  necessarily  dies.  It  is  true,  that  several  facts  which  seem  to 
contravene  this  opinion  have  not  failed  to  arrest  the  attention  of 
several  botanists.  Thus,  M.  De  Candolle  cites  the  fact,  attested  by 
M.  Thouin,  that  the  cases  of  apple-trees  sent  to  Moscow  arrived 
there  in  a  frozen  condition,  and  that  a  great  part  of  them  were  saved 
by  gp:adual  and  slow  thawing  (Physiologic  Veg^tale,  tome  3,  p, 
1122).  It  appears,  however,  that  such  phenomena  have  attracted  but' 
little  attention,  and  provoked  no  scientific  research ;  they  have  re- 
mained barren  and  isolated  facts  in  the  field  of  science. 

From  a  careful  examination  of  Hunter's  experiments,  I  am 
surpiised  that  either  he  or  his  successors  should  have  drawn  such 
conclusions  as  have  been  deduced  from  them  in  relation  to  the  efiect 
of  cuid  on  vegetables.  For  example,  we  will  cite  his  second  experi- 
ment in  his  earlier  paper  :  «A  young  Scotch  fir,  which  had  two 
complete  shoots  and  a  third  growing,  and  which  consequently  was 
in  its  third  year,  was  put  into  the  cold  mixture  which  was  between 
15^  and  17^  Fahr.  The  last  shoot  was  froze  with  great  difiiculty ; 
which  appeared  to  be  owing  in  some  measure  to  the  repulsion  be- 
tween the  plant  and  the  water.  When  thawed,  the  young  shoot  was 
found  flaccid.  It  was  p?4inted  :  the  first  and  second  we  found  retained 
life  ;  while  the  third,  or  growing  shoot,  withered  "  ( Phil.  Trans,  for 
1775,  p.  451).  Again,  in  his  second  series  of  experiments,  when  the 
temperature  of  the  air  was  16^  Fahr.,  he  found  a  thermometer  in- 
serted into  the  trunks  of  a  number  of  species  of  trees  to  stand  at  17^ 
Fahr.  Now,  he  found  that  the  sap  taken  from  the  walnut  tree  on 
which  he  made  the  experiment,  would  freeze  at  32^ ;  and  further- 
more, that  the  sap  which  filled  an  old  hole  which  he  had  made  in  the 
same  tree,  became  frozen  when  the  temperature  of  it  was  31^  Fahr. 
Assuming  that  the  juices  of  the  tree  toere  not  frozen  when  their  tem- 
perature was  17°  Fahr.,  Hunter  very  naturally  inquires  :  "Now, 
since  the  sap  of  a  tree,  when  taken  out,  freezes  at  32°  Fahr. ;  also, 
since  the  sap  of  the  tree,  when  taken  out  of  its  proper  canal,  freezes 
when  the  heat  of  the  tree  is  at  31°  ;  and  since  the  heat  of  the  tree 
can  be  as  low  as  17°  Fahr.  without  freezing,  by  what  power  are 
the  juices  of  the  tree,  when  io  their  proper  canals,  kept  fluid  in 
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fiuch  cold  ?  Ib  it  the  principle  of  vegetation  ?'*  (Phil.  Trans,  for 
1778,  pp.  47,  48).  Hunter  haa  not  informed  us  in  what  manner  he 
ascertained  that  the  juices  of  the  tree  were  not  frozen  when  dieir 
temperature  was  17°  Fahr. ;  but  the  presumption  is,  that  be  had  no 
•other  reason  for  thinking*  so,  than  the  fact  that  the  tree  va#  not 
kil'Ied.  He  appears  to  have  been  so  much  prepossessed  with  the  idea 
that  plants  "must  be  deprived  of  their  principle  of  vegetation  he- 
fore  they  can  be  frozen,"  that  he  never  thought  of  determining,  by 
direct  observation,  whether  or  not  the  sap  of  the  tree  was^  actually 
frozen  when  its  temperature  was  17**  Fahr.  The  very  first  princi- 
ples of  philosophizing  demand,  that  it  should  be  clearly  and  unde- 
niably established  as  a  malttr  of  fact,  that  ecery  case  in  which  the 
sap  of  a  plant  h  frozen^  is  invariably  followed  by  the  death  of  the 
whole,  or,  at  least,  of  the  part  congealed,  before  the  fact  of  it3  hav- 
ing survived  can  be  made  the  basis  of  the  conclusion  that  congela- 
tion of  the  juices  had  not  taken  place.  The  assumption  is  made  that 
a  plant  which  is  not  killed  by  cold,  never  was  frozen ;  and  then,  theo- 
ries are  framed  to  account  for  the  presumed  fact ! 

Impressed  with  this  fundamental  idea,  all  attempts  whicb  have 
been  made  by  modern  phytologtsts  to  explain  how  vegetables  en- 
dure the  action  of  excessive  cold,  resolve  themselves  into  an  enu- 
meration of  the  possible  causes  which  may  piwent  their  juices  from 
freezing.  M.  Aug.-Pyr.  De  Candolle  has  investigated  the  action  of 
these  causes  with  his  characteristic  sagacity  (Physiologie  Vegetale, 
tome  3,  p.  1101  et  seq.).  The  causes  to  which  this  assumed  resis- 
tance to  freezing  has  been  ascribed  may  be  reduced  to  fict  :  1.  A 
certain  amount  of  proper  heat,  generated  by  physiological  actions : 
-2.  The  viscosity  of  the  juices,  lowering  the  freezing  point ;  3.  The 
distribution  of  the  sap  through  minute  vesicles  and  capillary  vessels, 
depressing  the  point  of  congelation  still  further;  4.  The  warmth  of 
the  ground  from  which  the  sap  is  pumped  up ;  t*).  The  low  con- 
ducting power  of  concentric  layers  of  bark  with  entangled  air 
included  in  their  meshes,  and  of  the  wood  itself,  which  is  less  trans- 
versely than  longitudinally.  We  shall  examine  the  adequacy  of  each 
of  these  causes  to  account  for  the  facts. 

1.  The  experiments  of  J.  Hunter,  Schcepff,  Bierkander,  Pictet 
and  Maurice,  Schubler  and  NeufTer,  Hermstaedt,  Nau,  Gteppert,  and 
others,  have  shown  that  the  interior  of  the  trunks  of  large  trees 
possesses,  during  winter,  a  temperature  several  degrees  higher  than 
that  of  the  surrounding  air,  But,  M:  De  Oandolle  and  others  have 
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very  reasonably  doubted  whether  known  physical  causes  might  not  I 

be  sufficient  to  account  for  the  fact,  without  the  necessity  of  as- 
cribing it  to  the  result  of  any  physiological  action.  By  recent  experi- 
ments, however,  made  with  instruments  of  gi*eat  susceptibility  to 
changes  of  temperature — such  as  the  thermo-multiplier  of  Nobili  — 
MM.  Dutrochet,  Becquerel  and  Breschet,  have  demonstrated,  that 
in  those  parts  of  plants  in  which  the  vital  processes  are  taking 
place  with  activity,  an  appreciable  amount  of  caloric  is  constantly 
evolved.  The  amount  of  this  evolution  of  heat  is  generdiWy  very  low, 
not  more,  in  fact,  than  a  single  degree  ( Fahr.)  in  the  herbaceous 
parts  of  actively-growing  plants ;  and  as  it  does  not  more  than 
counterbalance  the  effect  of  evaporation,  which  is  continually  taking 
place  from  the  surface,  there  is,  under  ordinary  circumstances,  so 
far  as  this  catiae  is  concerned,  no  sensible  difference  between  the 
temperature  of  the  plant  and  that  of  the  surrounding  atmosphere 
(  Vide  Ann.  des  Sci,  N.  S,,  tome  12 ;  also,  Carpenter's  General  and 
Comparative  Physiology,  2d  ed.  Lond.  1841,  p.  417).  During  the 
winter,  when  these  functions  are  comparatively  dormant,  we  cannot 
suppose  that  they  operate  at  all  in  resisting  any  atmospheric 
changes  which  nbight  be  injurious  to  vegetation.  Nevertheless,  aA 
vital  changes  are  taking  place  with  more  or  less  activity  at  all 
periods,  this  may  be  regarded  as  a  vera  causa  ;  but  its  etfect,  so  far 
as  the  prevention  of  freezing  is  conceined,  must  be  considered  ab- 
solutely infinitesimal, 

2.  That  the  freezing  point  of  the  juices  of  plants  is  but  slightly 
depressed  below  that  of  water,  by  the  admixture  of  gum,  mucilage, 
and  other  products  of  vegetation  which  impart  viscidity  to  them, 
has  been  demonstrated  by  direct  experiment:  Hunter  found  the 
freezing  point  of  vegetable  juices  when  squeezed  out  of  a  green 
plant,  to  vary  from  29°  to  32°  Fahr.  In  several  experiments  on  the 
freshly  expressed  juice  of  the  strawberry,  I  found  the  freezing  point 
to  vary  from  28°  to  30°  Fahr. ;  and,  in  every  case,  the  tem|>erature 
(ifler  congelation  was  30°  Fahr.  It  is  extremely  probable,  nay,  almost 
certain,  that  the  freezing  point  may  vary  with  the  degree  of  iuspis- 
satioa  of  the  sap,  and  may  consequently  be  different  for  different 
plants,  and  at  different  seasons  of  the  year  in  the  same  plant ;  and» 
moreover,  that  it  may,  on  this  account)  be  somewhat  lower  in  winter 
than  in  spring  or  summer.  It  is  also  probable,  that  the  admixture  of 
certain  peculiar  organic  products  may  lower  the  freezing  point  of 
the  sap  of  particular  plants.  Thus,  it  is  well  known  to  chemists  that 
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the  point  of  congelation  of  good  oil  of  turpentine  is  as  low  aa  14^ 
Fahr. ;  and,  perhaps,  the  presence  of  this  proximate  principle  may 
tend  to  prevent  the  sap  of  the  coniferae  from  freezing  in  moderate 
degrees  of  cold.  In  the  present  state  of  our  knowledge,  it  is  impos- 
sible for  us  to  assign  a  definite  quantitative  value  to  the  influence  of 
viscosity  in  lowering  the  freezing  point  of  the  juices  of  vegetables; 
but  it  is  certain  that  it  cannot  amount  to  many  degrees  of  tempera- 
ture*. It  must  have  some  influence,  and  must  thorefore  be  l<x>ked 
upon  as  a  vera  causa  acting  in  the  right  direction;  but  in  casea  of 
extreme  cold,  this  cause  is  obviously  inadequate  to  prevent  the  super- 
vention of  congelation. 

3.  Prof  Henslow  seems  to  think,  that  "the  chief  protection  against 
the  sap  freezing  in  the  trunks  of  trees  is  the  circumstance  of  its  being 
contained  in  extremely  minute  vesicles  and  capillary  vessels  ;  for  it 
has  been  shown  that  water  will  resist  a  temperature  of  16^°  Fahr. 
under  similar  circumstances;  and  all  viscid  fluids  are  still  more  diffi- 
cult to  freeze  than  water"  {Op.  cit,  ante,  p.  173).  It  is  unquestiona- 
bly true,  that,  by  taking  certain  precautions,  water  may  be  cooled  15 
or  even  20  degrrees  of  Fahrenheit's  scale  below  the  proper  freezing 
point,  without  the  supervention  of  solidification.  The  essential  con- 
dition of  success  in  the  experiment,  is,  that  it  must  be  cooled  without 
the  slightest  agitation,  and  no  angular  body  be  in  contact  with  it ; 
for  the  instant  any  solid  body  is  dropped  into  water  cooled  below 
its  freezing  point,  or  a  tremor  is  communicated  to  it,  congelation 
commences,  and  the  temperature  starts  up  to  32^  Fahr.  (Graham's 
Elements  of  Chemistry,  Am.  Ed.  Phila.  1843,  pp.  50  et  51).  It  is 
very  obvious  that  this  necessary  condition  is  most  effectually  secured 
by  placing  the  water  in  capillary  tubes;  for  the  adhesion  of  the  fluid 
to  the  sides  of  the  tubes  must  tend  to  maintain  it  in  that  state  of 
absolute  repose  upon  which  the  success  of  the  experiment  depends. 
Thus,  Dr.  Thomas  Thomson  succeeded  in  cooling  water  in  thenno- 


*  The  faot  that  the  speeifie  gramty  of  the  sap  of  plants  is  bat  sLightlj  abore 
that  of  water,  affords  preeumptive  evidenee  thai  the  freeang  point  can  be  but 
little  below  82^  Fahr. ;  for  experiments  on  the  admiztnre  of  salts  with  water 
show  that  the  depression  of  the  freezing  point  is  nearly  proportional  to  tin 
inorease  of  d0tmty.  Knight  found  that  the  sap  of  the  Acer  plahUmaHdm,  in  the 
spring,  collected  dose  to  the  ground,  had  a  speoific  gravity  of  1,004 ;  at  *l  feet 
above  the  ground  it  became  1,008;  and  at  IS  feet^  1,018  (Vide  PhiL  tnm.  tat 
1808^  pp^MetVlX 
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meter  tubes  to  8^,  and  once  to  5^  Fahr.,  before  it  began  to  freeze 
(  Vide  Heat  and  Electricity,  London  1830,  p.  175  ).  In  the  case  of 
trees  and  shrubs,  we  have  no  means  of  ascertaining  how  far  the 
indispensable  condition  of  ahsoluU  repose  may  be  subverted,  by  the 
perpetual  agitation  to  which  their  branches  and  more  flexible  parts 
are  subjected  through  the  action  of  winds ;  but  it  seems  to  me, 
that  in  the  case  of  plants,  the  distribution  of  the  fluids  through 
capillary  vessels  can  have  but  slight,  if  any,  influence  in  the  pre- 
vention of  their  congelation. 

4.  We  have  already  alluded  to  the  fact,  established  by  the  experi- 
ments and  observations  of  many  distinguished  physiologists,  that 
the  interior  of  the  trunks  of  large  trees  possesses,  during  winter,  a 
temperature  considerably  above  thatof  thei9urrounding  atmosphere. 
It  has,  likewise  been  shown  that  this  heat  is  not  produced  by  the 
physiological  actions  which  are  taking  place  in  the  plant;  the 
amount  generated  by  this  cause  being  wholly  inappreciable.  M. 
Aug.-Pyr.  De  Candolle  very  justly  ascribes  this  uniformity  of  tem- 
perature of  the  interior  of  tre^s  to  the  circumstance  of  their  roots 
penetrating  the  earth  to  a  depth  where  the  soil  is  always  warmer 
than  the  atmosphere  in  winter  and  cooler  in  summer,  and  imbibing 
moisture  which  must  necessarily  partake  of  this  influence.  Hence  \t 
has  been  observed,  that  the  internal  parts  of  large  trees  retain  a 
temperature  which  is  about  equal  to  that  of  the  soil  at  the  mean 
depth  to  which  their  roots  penetrate  {Physiol ogie  VegetaUt  tome  2, 
p.  879  et  seq.;  also  tome  9»  pp«  UOl,  llOiS,  1108).  There  can  be  no 
doubt  that  this  is  the  chief  cause  of  the  uniformity  of  temperature 
oi  the  interior  of  the  trunks  of  large  trees  ;  but  when  considered  as 
a  resource  against  the  effects  of  extreme  cold,  it  is  necessary  to 
suppose  that  its  protective  action  extends  to  the  remotest  branch 
and  most  minute  twig.  Now,  it  will  hardly  be  contended  by  any 
one,  that  a  small  branch  of  a  tree,  situated  80  or  100  feet  from  the 
ground,  will  have  its  temperature  appreciably  modified  by  the  tardy 
circulation  of  sa^  which  takes  place  during  the  winter.  In  fact,  di- 
rect observations  show  that  the  temperature  of  the  interior  of  small 
trees,  shrubs,  and  twigs,  is  sensibly  the  same  as  that  of  the  sur- 
rounding atmosphere ;  and  the  difierence  becomes  more  apparent 
the  larger  the  trunk  on  which  the  observation  is  made,  and  the 
nearer  it  is  to  the  ground.  It  is  manifest,  therefore,  that,  so  far  aa 
the  buds  and  smaller  branches  are  concerned,  the  cause  under  cod- 
aideration  can  have  no  practical  influence  in  enabling  vegetables  to 
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resist  the  action  of  excessive  cold  :  its  effect  must  be  infinitetimaL 
Moreover,  it  will  be  shown,  hereafter,  that  perennial  plants,  and 
even  large  forest  trees,  endure  the  intense  cold  of  a  Siberian  win- 
ler,  when  their  roots  are  imbedded  in  a  soil  which  is  frozen  more  than 
one^hdlfof  the  year, 

d.  After  what  has  been  said  above,  it  is  unnecessary  to  dwell  on 
the  influence  of  the  bad  conducting  power  of  the  concentric  layers 
of  bark,  or  on  the  greater  facility  with  which  the  wood  itself  trans- 
mits heat  longitudinally  than  transversely,  as  proved  by  the  experi- 
ments of  MM.  Aug.  De  La  Rive  and  Alph.  De  Candolle  {Mem, 
8oc,  de  Phy8.  de  Geneve,  vol.  4,  p.  71 ;  also,  Ann.  de  Pkys.  40,  p. 
91 ).  These  circumstances  only  prevent  the  supply  of  caloric  which 
is  pumped  up  by  the  roots  from  the  warm  earth,  from  being  carried 
off;  but  as  we  have  shown  that  no  appreciable  amount  of  this  heat 
can  possibly  reach  the  extreme  twigs  and  buds,  it  is  sufficiently  evi- 
dent that  the  low  conducting  power  of  the  woody  layers  and  bark 
can  have  no  sensible  influence  in  resisting  any  atmospheric  changes 
which  might  be  injurious  to  these  portion  of  plants*. 

It  is  proper  to  remark,  that  until  quite  recently,  I  participated  in 
the  opinion  so  generally  prevalent  among  the  most  eminent  phyto- 
logists,  that  the  sap  of  trees  and  shrubs  which  are  uninjured  by 
extreme  cold,  is  never  frozen.  I,  therefore,  entered  upon  the  investi- 
gation vnth  all  my  prepossessions  in  favor  of  the  commonly-received 
opinion  in  relation  to  this  subject.  Nevertheless,  the  glaring  inadt- 
(jfuacy  of  all  the  causes  which  have  been  assigned  to  explain  the 
presumed  fact,  induced  me,  during  the  winter  of  1850-51,  to  iosti- 
tule  a  series  of  observations  and  experiments,  with  the  view  of  ob- 
taining clearer  ideas.  The  sequel  will  show  that  I  was  very  soon 
driven  to  the  conclusion  that  the  fundamental  idea  is  erroneous, 
and  that  plants  do  become  frozen  without  the  slightest  injury  to  them. 

On  the  morning  of  the  18th  of  November  1850,  I  found  the  leaves 
of  the  common  garden  cabbage  covered  with  hoar-frost  on  both  sur- 
faces, and  so  completely  frozen  as  to  be  quite  rigid  and  stiff.  On  more 
minute  examination,  it  was  found  that  the  fluid  contained  in  the  pe- 
tioles, as  well  as  that  of  the  midribs  and  lateral  veins,  was  completely 


*  These  considerations  seem  to  show,  that  those  phytologists  who  are  disposed 
to  look  at  this  subject  in  a  teleological  point  of  view,  have  mistaken  the  tnie 
office  of  the  9calet  which  envelope  the  buds  of  plants  :  they  can  afford  no  pro- 
tection agunfit  the  action  of  cold. 
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frozen.  By  making  a  transrerse  or  longitudinal  section  of  them,  the 
iddes  could  be  scraped  out  with  the  edge  of  a  knife.  No  indications 
■of  congelation  could  be  detected  in  the  parenchyma  and  smaller 
Teinlets.  At  the  time  these  observations  were  made,  I  had  no  thermo- 
meter with  me ;  but  the  weather  was  quite  moderate  :  the  tempera- 
ture at  sunrise  could  not  have  been  below  28**  Fahr.  The  cabbages 
were  uninjured,  although  most  of  them  were  exposed  to  the  direct 
action  of  the  sun.  Subsequently,  the  leaves  of  the  Gardenia  fiotida 
were,  on  several  occasions,  observed  to  be  frozen  during  the  frosty 
mornings  in  December.  They  were  curled  backwards,  and  were  so 
rigid  as  to  break  when  an  attempt  was  made  to  bend  them.  The 
foliage  was  not  injured  by  this  degree  of  cold,  although  it  is  by  no 
means  a  hardy  plant. 

Doubtless  such  iacts  are  familiar  to  every  practical  horticulturist : 
nevertheless,  I  was  anxious  to  ascertain  whether  the  freezing  ever 
involved  the  woody  structures ;  and,  if  so,  what  was  the  effect  on  the 
plant.  As  the  winter  advanced,  other  opportunities  presented  them- 
selves for  extending  these  observations.  On  the  morning  of  the  30lh 
of  January  1851,  the  temperature  being  18®  Pahr.,  I  examined  the 
larger  stems  of  a  number  of  roses  in  my  garden,  and  found  the  fluids 
of  the  bark  and  liber  of  all  of  them  completely  frozen j  presenting  a 
polished  vitreous  surface  when  cut  hy  a  sharp  knife.  The  fluids  freely 
exuded  from  abraded  portions  of  the  bark,  as  soon  as  they  were 
thawed  by  the  warmth  of  the  hand,  or  by  removal  to  a  warm  room. 
The  branches  of  the  Pinus  teeday  some  of  them  more  than  a  half 
inch  in  diameter,  were  found  to  be  so  brittle  as  to  snap  under  a 
very  slight  degree  of  flexure.  The  fluids  appeared  to  be  congealed  ; 
for  no  gum  exuded  from  the  fractured  extremity,  until  it  was  brought 
into  a  warm  atmosphere.  These  observations  were  repeated,  and  ex- 
tended to  other  perennial  plants,  on  the  morning  of  the  31st  of  Janua- 
ry 1851,  when  the  temperature  of  the  atmosphere  was  13,5**  Fahr., 
with  precisely  identical  results.  It  is  almost  needless  to  state,  that  the 
roses,  pines,  and  other  plants  examined,  were  uninjured. 

The  foregoing  observations  afforded  no  very  satisfactory  informa- 
tion in  relation  to  the  condition  of  the  fluids  of  the  proper  woody 
structure  :  they  only  furnished  positive  evidence  with  respect  to  the 
state  of  the  juices  contained  in  the  succulent  layers  of  the  inner  hark. 
During  their  progress,  I  endeavored  to  examine  some  transparent 
sections  of  the  plants  by  means  of  a  compound  microscope  ;  but  it 
was  found  to  be  so  difficult  and  unpleasant  to  carry  on  such  observtf- 
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tioDs  in  the  open  sir,  that  I  teermined  to  make  nae  <^  art^Sdai  eM 
io  the  prosecatioii  of  the  iDvestigatioii.  With  this  riew,  the  follow- 
iog  experiments  were  instituted ;  the  frigorific  agent  heing  a  mix- 
ture of  snow  and  common  salt. 

For  the  purpose  of  testing  the  effects  of  cold,  I  selected  the  inter- 
nodal  portions  of  a  yigoroos  freshly-cnt  elder  stalk  (SmmbmemM  cmna- 
dauisj,  of  aboat  ame  inek  m  diameter  :  the  diameter  of  the  pith 
was  nearly  ^me  kaff  that  of  the  stalk.  The  pith  of  this  plant  is  sor- 
roanded  by  a  zone  about  ^^h  of  an  inch  in  thickness,  whi<ji  is  more 
succulent  than  the  central  portions  of  the  pith  proper,  and  from  which 
fluid  could  be  readily  pressed  by  lateral  compression  m  nim  with 
die  back  of  a  knife.  A  smaller  but  sensible  quantity  of  floid  could, 
likewise,  be  expressed  from  any  portion  of  the  pith,  so  as  to  appear 
on  the  cut  surface,  and  which  would  disappear  as  soon  the  <Mnnpre98- 
ing  force  was  withdrawn.  It  was  also  found  that  fluid  iqipeared  at 
the  transverse  cut  surface  of  the  liber,  when  pressed  against  the  sub- 
jacent wood  at  the  extremities.  It  was  hoped  that  the  applicati<Hi  nf 
the  foregoing  tests  would  enable  us  to  ascertain,  with  considerable 
certainty,  whether  the  juices  of  these  portions  of  the  plant  could  be 
readily  frozen,  independently  of  any  light  which  microscopic  exa- 
nunation  might  throw  upon  the  question. 

Experintemt  No.  1.  Feb.  2d,  1851,  I  o'clock  f.m.  ;  the  tempera- 
ture of  the  room  being  A29  Fahr.,  and  that  of  the  freezing  mixture 
varying,  during  the  experment,  from  2®  to  5^  Fahr.  With  the  view 
of  excluding  the  direct  contact  of  the  frigorific  mixture,  the  inter- 
node  of  elder  was  inserted  into  a  water-tight  tinned  sheet^iron  case 
or  cylinder,  of  nearly  the  same  diameter  as  the  stalk  :  the  whole 
was  plunged  vertically,  and  in  the  natural  growing  position,  into  the 
freezing  mixture,  about  ^ths  of  the  intemode  being  below  the  sur- 
face. At  the  expiration  of  tu>o  kaarSf  the  stalk  was  removed  from  the 
case  for  examination.  The  extremity  which  was  above  the  cold  mix- 
ture, was  found  to  be  surmounted  by  a  thin  transparent  coating  of 
ice.  The  fluids  seem  to  have  been  forced  up  along  the  inner  bark 
and  the  succulent  zone  surrounding  the  pith,  by  the  contraction 
which  took  place  in  the  part  of  the  stem  below  the  mixture,  before 
congelation  supervened.  The  lower  extremity  was  found  to  be  quite 
free  from  external  ice,  and  appeared  comparatively  dry.  The  fluids 
of  the  bark,  as  well  as  those  of  the  succulent  zone  around  the  pith* 
were  ohnunu^y  congeal^.  The  frozen  condition  was  rendered  evident, 
by  slicing  the  bark  longitudinally  with  a  sharp  knife  :  the  ice  could 
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be  scraped  off  with  the  edge  of  the  instrument  In  like  manner, 
amall  masses  of  solidified  juice  could  be  detached  from  the  succu* 
lent  zone,  as  well  as  the  pith. 

Under  the  microscope,  when  a  transverse  section  was  made  with 
a  knife  which  was  artificially  cooled  and  placed  on  a  plate  of  glass 
which  was  cooled  in  the  same  manner,  the  process  of  thawing  was 
quite  conspicuous  and  beautiful,  especially  in  the  succulent  zone.  In 
the  woody  structure,  the  process  of  liquefaction  was  manifested  by  the 
rapid  appearance  of  bright  apertures,  which  were  merely  translu- 
cent points  when  first  placed  under  the  glass.  Slices  of  wood  which 
had  not  been  subjected  to  the  influence  of  cold,  presented  no  changes 
under  the  magnifier.  As  it.is  necessary  to  make  the  alices  yery  thin, 
in  order  to  secure  the  requisite  degree  of  transparency,  the  thawing 
takes  place  with  grreat  rapidity.  The  observations  must,  therefinre,  be 
made  quickly  :  the  knife  with  which  the  slices  are  made,  as  well  as 
the  glass  plate  on  which  they  are  placed  for  eicamination,  should  be 
artificially  cooled. 

Experiment  No,  2.  In  the  previous  experiment,  the  lower  ex- 
tremity of  the  intemode  of  elder  was  exposed  to  the  action  of  the 
cold ;  and  it  might  be  supposed  that  the  frigorific  influence  was 
propagated  along  the  stalk  longitudmaUy,  the  direction  in  which  the 
experiments  of  MM.  Aug.  de  la  Rive  and  Alph.  de  Candolle  show 
the  conducting  power  of  wood  to  be  the  greatest.  For  the  purpose 
of  obviating  this  difficulty,  a  hollow  tin  cylinder,  six  inches  in  length, 
open  at  both  extremities,  was  passed  transversely  through  the  centre 
of  the  opposite  sides  of  a  small  wooden  box.  Another  recently-cut 
intemode  of  elder  was  thrust  through  the  cylinder,  having  both  ex- 
tremities projecting  several  inches  beyond  the  ends  of  the  metallic 
case,  so  that  only  the  middle  portions  would  be  subjected  to  the  fri- 
gorific influence.  On  the  sixth  of  February  1851,  at  one  o'clock  p.  m., 
the  temperature  of  the  room  being  37°  Fahr.,  the  freezing  mixture 
waa  introduced  into  the  box.  At  the  end  of  two  hours,  the  tempera- 
ture of  the  mixture  v^ying  from  ^  to  6°  Fahr.,  the  stalk  was  with- 
drawn for  examination.  The  bark  in  the  middle  of  the  part  which 
had  been  exposed  to  the  cold,  was  found  frozen  as  in  the  previous 
experiment  :  neither  the  bark,  succulent  zone,  pith,  or  wood  at  the 
extremities,  exhibited  any  indications  of  congelation  of  the  fluids 
contained  in  them.  The  middle  of  the  stalk  was  then  cut  through 
by  means  of  a  small  saw  which  had  been  artificially  cooled.  On 
examining  the  transverse  section,  the  liber  and  succulent  zone  around 
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d^e  pitb  were  eridctmly  frozen  :  portioos  of  solidified  sap  couM  be 
removed  with  the  pointof  a  knife.  Under  the  microscope,  the  tkawing 
of  thin  transverse  slices  of  the  woody  structure  was  manifested  by 
a  series  of  changes,  identical  wkh  those  observed  in  the  fitst  experi- 
ment. Indeed,  the  physical  properties  of  the  wood  were  sufficiently 
modified  to  indicate  the  frozen  condition  by  the  use  of  a  cutting 
instrument  :  it  was  harder  than  natural,  and  ike  section  presemied  a 
polished  glassy  appearance.  At  the  same  time,  a  portion  of  the  branch 
of  a  JPinus  tada  was  subjected  to  the  same  degree  of  cold  :  the 
microscope  revealed  the  fact  that  its  juices  were,  likewise,  frozen ; 
a  similar  change,  indicative  of  thawing,  being  clearly  observable* 
Experiment  No.  3.  The  fcuregoing  experiments  were  tried  on 
portions  of  plants  which  had  been  recently  cut  from  the  parent  stem 
or  branch ;  and  it  might  be  imagined  that  the  case  would  be  dif> 
ferent  with  a  grouting  plant.  For  the  purpose  of  testing  die  validity 
of  this  idea,  two  vigorous  shoots  of  the  AUanthust,  which  had  been 
planted  in  a  large  box  of  earth,  were,  on  the  nineteenth  of  February 
X851,  submitted  to  experiment.  The  temperature  of  the  room  was 
56^  Fahr.  :  tliat  of  the  freezing  mixture  varied  from  0  to  5^  Fahr. 
Tin  tubes  were  placed  around  the  base  of  the  stems,  so  as  to  protect 
them  from  the  immediate  contact  of  tlie  mixture.  The  frigorific 
material  was  kept  around  each  tube  by  means  of  two  small  wooden 
boxes  which  were  perforated  at  the  centre  of  the  bottom,  so  as  to 
permit  the  tubes  and  contained  stems  to  pass  vertically  through.  At 
the  expiration  ofjbur  hours,  the  cold  mixture  was  removed  from 
Que  of  the  shoots,  and  it  was  cut  through  the  middle  of  the  part 
which  had  been  exposed  to  the  cold.  The  juices  of  the  bark  and 
wood  were  evidently  frozen*  This  was  rendered  obvious  by  placing 
transparent  slices  of  them  uudor  the  microscope,  as  in  the  prerious 
experiments*  It  was  likewise  proved  by  the  fact,  that  at  first,  when 
cut  with  a  cold  knife,  none  of  the  juices  were  forced  out  by  the 
passage  of  the  cutting  instrument;  but  after  a  short  time,  when 
thawing  had  taken  place,  any  attempt  to  slice<he  wood  transversely 
would  render  the  presence  of  the  fluids  manifest  on  the  cut  surface. 
The  other  shoot  was  allowed  to  remain  undisturbed  for  six  hours  : 
after  which,  the  frigorific  mixture  was  removed,  and  the  box  of  earth 
in  which  it  was  planted  placed  in  the  open  air,  for  the  purpoite  of 
ascertaining  what  effect  the  cold  might  have  on  its  vitality.  About 
the  middle  of  March  the  buds  began  to  swell,  and  in  due  seasmi  the 
leaves  were  developed.  The  shoots  of  Ailanthm  on  which  these  ex* 
periments  were  tried,  were  suckers  of  two  years  growth. 


From  the  pre<;ediiig  dxperimentB,  two  concliirioBs  8oem  to  be 
legitimfitely  dedacible  :  Fir^tt  that  tfajB  e^ap  of  cerlftiii  pknta  etm  he 
ret^idily  frozen  by  the  application  of  a  eoffiparatively  moderaU  degrei^ 
of  cold.  For  altfaojugb  the  teoaperatuFe  .of  the  frigorific  nuLture  vft- 
riod  from  0  to  6^  Fahr.,  yet  aa  there  waa  a  metallic  tubeaurroanding 
the  atom,  the  temperature  oi  the  latter  must  have  been  conaiderabty. 
higher.  Direct  obaenration  proved  thi«  to  be  the  caae  :  a  thermo* 
mejter,  introduced  into  the  metaJtic  case,  never  indk&ted  a  tempera- 
turp  lower  than  15°  Fahr.  It  nsuut  alao  be  borne  in  mind»  that  as  the 
dur4^tian.o^  the  irigorific  action  was  never  move  than  fxom  ti»o  to 
fo%r  kourSf  thp  cmUral  portieiia  of  tbe  stems  submitted  io  eKpenmeat 
most  have  possessed  a  t^mpeisature  notably  higher  than  the  eocterior 
p«ts ;  a^d  yet  the^-ttcturei»  an^und  ^  pUh  wore  found  congealed* 
Moreov^,  a  degree  of  eold  equal  to  eero  of  Fi^renheit  is  quite 
moderate  \i^  eompai*ison  with  the  natural  cold  endured  by  the  very 
plants  on. which  Che  eitperimenta  were  performed.   • 

Afid  secondly t  that  congelation  of  the  juices  of  vegetaUea  d&es  notf 
as  many  physiologists  imaginet  necessarily  and  inevitably  result  \vt 
the  death  of  the  whole  plant,  or  of  the  pari  in  whidir  it  takes  place ; 
but,  on  the  contrary,  that  frequently  no  vt^wiau$  coneeqmeneesjblkno^ 

With  such  a  state  of  facts  before  us,  we  should  naturally  expect, 
that  in  high  latitudos,  the  sap  of  all  perennial  plants  must  be  frosen 
during  several  of  the  winter  mouths.  Suchf  I  bdieve,  if  the  /aet. 
Robert  Boyle  informs  us,  on  the  authority  of  Capt.  James,  that  at 
Charleton  Island  (now  called  Charles  Island)  in  Hudson's  Bay,  the 
trees  had  to  he  thawed  hy  fire  before  they  could  he  cut  down  (Vide 
Boyle's  Works,  vol.  2,  p  874,  London  1744).  I  have  been  credibly 
informed,  that  the  "  lumberers  "  of  Maine  and.  New-Hampshire  are 
familiar  with  the  fact,  that  during  periods  of  extreme  cold,  the  sap 
of  many  of  the  forest  trees  becomes  so  completely  frozen,  that  the 
physical  qualities  of  die  wood  are  aU^ed  to  sueh  an  extent,  that  it 
is  difficult  to  cut  it  with  an  axe,  M.  Duhamel  obaerves,  that  the  ma« 
pies  in  Canada,  where  the  frost  is  long  and  severe,  begin  to  bleed, 
when  wounded,  with  the  first  thaw,  and  stop  again  when  it  freezes ; 
and  that  this,  in  A-osty  days,  occurs  only  on  the  south  side. of  the 
tree  {Physique  de^  Arhres.  vol  2,  p.  258 ),  In  all  of  these  cases  it  is 
sufficiently  dbvious  t^at  the  freezing  of  the  sap  could  not  have  been 
futal  to  the  lift  of  the  t?«es ;  for,  in  that  event,  a  single  severe  winter 
would  dastroy  every  plant. 

But»  perhaps,  it  may  be  granted*  that  tbe  foEegolBg  eacperi^ento 
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aod  obsenratiom  are  sufficient  to  prove  that  the  juices  contained  in 
the  {igrial  or  ascending  stems  of  many  plants  may  be  frozen  without 
destroying  the  power  of  vegetation  ;  and  yet,  it  may  be  asked,  does 
not  the  complete  congelation  of  the  fluids  included  in  all  parts  of 
the  vegetable,  comprehending  the  root  or  descending  axis  and  its 
appendages,  necessarily  result  in  the  destruction  of  its  vitality  7  Even 
the  admission  diat  large  portions  of  the  aerial  stem  may  be  frozen 
with  impunity,  impresses  the  character  of  error  upon  the  commonly 
received  opinion  among  many  of  the  most  eminent  phytologists  ;  but 
I  think  facts  are  not  wanting  to  show,  that  the  juices  contcdned  in  every 
part  of  some  plants  may  be  congealed  without  injury  to  the  powers 
of  vegetation.  Although  Leopold  von  Buch  and  many   other  phi- 
kwophers,  even  as  late  as  1825,  were  disposed  to  reject  the  state- 
ment of  the  elder  Gmelin,  tliat  the  ground  is  perpetually  frozen  in 
the  northern  parts  of  Siberia, ;   yet  the  fact  has  been  abundantly 
corroborated  in  our  days  by  the  observations  of  MM.  Adolph  Sr- 
man,  von  Humboldt»  Hausteen,  Schergin  and  others.  At  the  town 
of  Yakutsk,  in  latitude  62^,  M.  Schergin  attempted  to  sink  a  well, 
and  was  about  to  abandon  the  project  in  despair  of  obtaining  water, 
when  Admiral  Wrangel  persuaded  him  to  continue  his  operations 
until  he  had  perforated  the  whole  stratum  oT  ice.  This  he  did,  and 
kept  a  complete  journal  of  the  work.  The  well  was  dug  to  the  depth 
of  nearly  400  fbet,  with  the  following  most  remarkable  results  as  to 
the  temperature  of  the  gi'ound  : 

50  EogliBh  feet IS^S  Fahr. 

n*l  "  ..-.  19^6 

119  •*  ....  22*0 

217  "  ....  270,« 

805  •*  28^.S 

882  "  ....  810,0 

(Vide  Erman,  Comptes  Rend,  de  I' Acad,  des  Sciences,  1838,  tome  6, 
p.  501 ;  also,  von  Baer,  in  Edin.  New  Phil.  Journ.,  1838,  vol.  S4.  p. 
435).  From  which  it  appears  that  the  soil  at  this  place  is  frozen  to 
the  depth  of  about  400  feet.  Observations  kept  at  Yakutsk  for  a 
series  of  years,  show  that  the  mean  temperature  of  the  year  is  nearly 
14^,5  Fahr.  (Vide  M.  Mahlmann's  tabib  of  mean  temperatures,  in 
Kaemtz's  Complete  Course  of  Meteorology,  English  Translation  by 
C.  V.  Walker,  London  1845,  p.  177.  Erman  puts  down  the  mean 
temperature  of  this  place  at  18^,5  Fahr.).  In  winter,  a  degree  of 
cold  exceeding  -*58^  Fahr.  takes  place  every  year.  The  mean  tem- 
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peratare  of  two  winter  months  is  below  —40^  Fahr. ;  so  that  mer- 
cury is  solid  for  one-sixth  of  the  year,  and  has  been  known  to  remain 
frozen  during  three  consecutive  months  I  (Vide  Adolph  Erman's  Tra- 
vels in  Siberia^  translated  from  the  German  by  W.  D.  Cooley,  Phil. 
1850,  vol.  2,  p.  278 ;  also,  Comptes  Rendus  ( Paris),  tome  6,  p.  502 ). 
A  comparatively  warm  summer  is  joined  to  this  cold  winter ;  the 
mean  temperature  of  June,  July  and  August,  being  56^,75,  65^,75, 
and  61  °,25  Fahr.  respectively,  and  the  maximum  heat  of  the  sum- 
mer day  is  sometimes  as  great  as  77°  Fahr.  During  the  128  days  of 
the  year  in  which  there  is  no  frost  at  Yakutsk,  the  strata  of  eternal 
ice  are  never  thawed  to  a  greater  depth  than  three  feet ;  and  yet 
"  vegetable  life  continues,  not  merely  uninjured,  but  favored  in  the 
highest  degree  by  the  equable  and  very  rapid  increase  of  heat'' 
(  Erman,  Op*  cit.  supra,  vol.  2,  p.  279 ).  This  is  not  restricted  to  an- 
nual  plants ;  for  M.  Erman  informs  us,  that  noble  larch  (JPinus  Za- 
rixj  forests  flourished  on  the  east  side  of  this  town,  where  their  roots 
rest  upon  inferior  strata  of  perpetually  frozen  earth,  and  where  even 
the  superficial  stratum  in  which  they  are  imbedded  is  frozen  for 
nearly  eight  months  of  the  year !  As  it  is  physically  impossible  that 
the  roots  of  these  trees  can  penetrate  deep  enough  even  to  approach 
the  ptratum  of  invariaJ>le  temperature  in  this  high  latitude,  the  whole 
plant,  including  the  descending  axis  and  its  appendages  must,  during 
the  winter,  be  exposed  to  a  degree  of  cold  considerably  below  the 
zero  of  Fahrenheit.  Is  it  possible  to  imagine  that  the  sap  of  these 
trees  remains  unfrozen  in  a  climate  where  mercury  is  solid  during 
one-sixth  of  the  year,  and  where  the  stratum  of  perpetual  ground-ice 
extends  to  the  depth  of  400  feet  1  Here  we  have  an  extreme  case,  in 
which  it  is  sufficiently  obvious  that  no  known  combination  of  vital 
and  physical  causes  could  prevent  the  fluids  contained  in  these  plants 
from  undergoing  congelation  every  winter  :  the  conclusion  seems, 
therefore,  to  be  unavoidable,  that  they  are  actuaUy  Jrozen  at  this 
period  of  the  year,  and  consequently  that  such  an  accident  is  not 
always  injurious  to  vegetation*. 


*  The  lowest  temperature  fLat  has  yet  been  observed  on  the  earth,  is  probably 
that  noted  by  Neveroff  at  this  place  (  Yakutsk)  on  the  twenty-first  of  January 
1838.  "The  instruments  used  in  this  observation  were  compared  with  his  own  by 
Middendarff,  whose  operations  were  always  conducted  with  extreme  exactitude. 
Neveroff  found  the  temperature,  on  the  day  above  named,  to  be  — 76^  Fahr." 
(  Ilmnboldt's  Cosmos,  in  Bohn's  Scientific  Library,  translated  from  the  German 
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Neither  is  tbe  example  of  Yakutsk  an  isolated  one ;  for  a  great 
part  of  the  yast  territory  of  Asiatic  Siberia,  and  a  smaller  portion  of 
Europe  and  North  America,  lying  north  of  the  isothermal  line  of 
32®  Fahr.,  support  extensive  f^nrests  of  Birch  (Betmla  albaj,  Norway 
Spruce  fPinua  ahies).  Larch  fP.  larixj,  Cembra  Pine  fP.  cemhra)^ 
Scotch  Fir  fP,  st/lvestrisj,  White  Spruce  (P,  alba),  American  Silver 
Fir  fP.haUamea)y  and  Black  Spruce  Fir  fP,  nigra J^  where  the 
ground-ice  is  perpetual  ( Vide  Johnston's  Physical  Atlas).  These 
facts  appear  to  warrant  the  conclusion  of  M.  Adolphus  ISrman, 
namely,  that  it  is  now  fully  established,  "that  many  arborescent 
plants  require,  as  the  condition  of  their  thriring,  only  the  summer 
heat  and  the  humidity  of  the  air  that  suits  them ;  and  that  they  are, 
therefore,  not  only  quite  insensible  to  the  rigor  of  winter,  but,  in 
spreading  over  the  plains  and  mountains  of  the  earth,  are  v)koUy 
independent  of  the  temperature  of  the  ground  or  mean  temperatmre" 
( Vide  Travels  in  Siberia,  Ed.  ciL  supra,  vol.  2,  p.  360).  The  de- 
velopment of  leaves  and  vegetation  depends  less  on  the  temperature 
of  the  soil,  than  on  that  of  the  air  in  the  spring  and  summer  :  it 
only  requires  that  the  ground  should  be  so  far  thawed,  that  the  tree 
may  be  able  to  draw  from  it  sufficient  moisture  for  its  growth.  This 
is  especially  true  of  several  species  of  the  conifers ;  for  many  of 
them  are  enabled  to  brave  the  most  rigorous  winters,  and  pass 
through  all  the  phases  of  flowering  and  fructification,  provided  the 
summer  be  hot  enough  and  of  sufficient  duration. 

But  it  may  be  objected,  that  when  the  sap  contained  in  the  trunks 
of  trees  becomes  frozen,  it  cleaves  them  with  a  great  noise-— >a  phe- 
nomenon not  uncommon  in  high  latitudes ;  and  that,  therefore,  the 
fact  that  the  majority  of  them  are  not  thus  clefb,  proves  that  tkeir 
juices  have  not  been  congealed.  It  is  proper  to  remark,  en  passant 
that  even  in  the  cases  where  the  trunks  of  trees  are  split  by  cold,  it 
does  not  always  result  in  the  death  of  the  plant ;  although  the  w^ood 
is  generally  rendered  unfit  for  the  purposes  of  timber.  This  effect 
has  been,  almost  universally,  ascribed  to  the  expansion  which  the 
sap  undergoes  during  the  process  of  congelation;  a  fi>rce  abun- 
dantly adequate  to  produce  such  a  result,  provided  all  parts  of  the 
tree  were  perfectly  rigid  and  unyielding.  As  it  is  manifest  that  this 


by  E.  C.  CHt6,  voL  8,  p.  48,  Lond.  1851).  The  marinram  natural  cold  prerioiialj 
recorded,  ia  — ^0^  Fahr. ;  being  that  observed  by  Capt  Back  at  Fort  Reliance  in 
January  1884. 
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condition  does  not  obtain  in  any  tree,  I  am  disposed  to  think  that 
this  opinion  is  erroneous,  and,  that  the  effect  here  referred  to  is  not 
the  result  of  the  freezing  of  the  fluids,  and,  consequently,  is  not  b, 
necessary  accompaniment  of  that  phenomenon.  The  following  con- 
siderations have  led  me  to  refer  the  cleaving  of  trees  by  cold,  to  the 
unequal  contraction  which  takes  place  in  the  trunk  (usually  after  the 
complete  congelation  of  its  juices)  in  consequence  of  a  sudden  dcr 
pression  of  temperature, 

1.  Observations  show,  that  the  tddest  and  largest  trees  are  usually 
those  which  are  cleft,  while  the  younger  trees  exhibit  no  such  ef- 
fects. In  the  account  given  by  I.  Evelyn  of  the  effects  of  the  great 
frost  which  occurred  in  England  during  the  winter  of  1683-4,  we 
are  informed,  that  "the  rifting  so  much  complained  of,  has  hap- 
pened chiefly  among  the  overgrown  trees,  especially  oaks,"  whereas 
elms  of  only  25  or  30  years  standing  were  untouched  ( Vide  Phil. 
Trans.,  vol.  14,  p.  559  abridged;  vol.  2,  p.  153).  Now,  i£ freezing 
of  sap  is  the  cause  of  the  phenomenon,  young  and  small  trees 
would  certainly  be  more  liable  to  be  cleft ;  both  on  account  of  the 
greater  accessibility,  of  their  interior  parts  to  the  exterior  atmo- 
spheric changes,  and  the  presence  of  a  greater  amount  of  fluid  in 
their  tissues.  On  the  contrary,  if  the  effect  is  produced  by  the  con- 
tr action  of  the  exterior  layers  of  wood,  we  should  naturally  expect 
the  rifting  to  take  place  in  old  trees,  where  the  heart  wood  is  in- 
durated and,  of  course,  unyielding. 

2.  The  same  effect  is  produced  by  extreme  cold  on  dry  and  sea* 
soned  timber  (Vide  Phil.  Trans.,  vol.  14,  p.  559).  At  Prince  of 
Wales'  Fort  on  Churchill  river,  near  Hudson's  Bay,  Capt  Middle- 
ton  noticed  that  trees,  joists  and  rafters  were  burst  with  great  noise 
from  the  effects  of  cold  (  Phil.  Trans.,  vol.  42,  p.  157  ).  Near  Mos- 
cow, the  timber  work  of  houses  is  frequently  observed  to  crack 
during  severe  winters  ( Boyle's  Works,  vol.  2,  pp.  274  et  276,  Lond. 
1744).  Other  instances  might  be  cited;  but  the  effects  of  cold  in 
temporarily  widening  the  small  cracks  produced  by  ordinary  desic- 
cation in  posts  and  pillars,  must  be  so  familiar  to  every  one  that 
farther  notice  is  unnecessary.  Is  it  reasonable  to  snppose  that  in 
these  cases  the  splitting  is  caused  by  the  congelation  of  the  com- 
paratively small  amount  of  hygrometric  moisture  which  is  known 
to  be  present  in  the  best  seasoned  wood  ?  On  the  other  hand,  is  it 
not  obviously  a  phenomenon  of  unequal  contraction,  precisely 
analogous  to  the  smaller  fissures  produced  by  rapid  desiccation  t 
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3.  All  travellers  in  high  northern  latitudes  testify  that  the  very 
rocks  are  sometimes  rent  asunder  by  the  intensity  of  the  cold,  and 
that  the  g^round  is  frequently  cleft  by  the  same  cause,  producing 
openings  many  yards  long  and  10  or  12  inches  wide.  Such  pbe> 
noraena  cannot  be  ascribed  to  the  expansive  power  of  freezing 
water,  because  they  occur  during  mid-winter,  and  in  latitudes 
where  the  rigor  of  the  climate  is  such  that  the  earth  is  frozen  300 
or  400  feet  deep  (certainly  far  below  the  depth  of  these  superfidal 
fissures),  long  before  these  effects  are  observed.  They  are  unques- 
tionably the  result  of  superficial  contraction,  produced  by  the  sud- 
den application  of  intense  cold,  and  are  precisely  analogous  to  the 
fissures  which  originate  in  clay  and  mud  during  the  process  of 
drying. 

4.  Ice  itself  is  frequently  known  to  crack  from  the  same  cause. 
Of  this  character  were  the  fissures  in  the  ice— <ome  of  them  fimr 
inches  wide — which  M.  Erman  observed  near  Bol-Atluimsk  on  the 
Obi,  and  at  Posolskoi.  He  very  correctly  ascribes  them  to  the  cool- 
ing and  contraction  of  the  upper  stratum  of  ice  tuhnequent  to  its  per- 

feet  congelation  ( Erman's  Travels  in  Siberia,  Ed.  ctY.  ante^  vol.  1,  p. 
331,  et  vol.  2,  p.  218).  Such  facts  are  matters  of  the  most  common 
observation  in  all  climates  where  the  cold  is  of  sufficient  intensity  to 
maintain  water  in  a  solid  condition  for  any  considerable  portion  of 
the  winter.  The  cracking  always  takes  place  during  periods  of  rapid 
augmentation  of  cold.  To  those  who  may  be  incredulous  as  to  the 
adequacy  of  superficial  contraction  to  produce  the  observed  effects, 
it  may,  be  proper  to  state  that,  according  to  the  experiments  of  MM. 
Brunner  and  Schumacher,  the  contraction  of  ice  consequent  upon  a 
diminution  of  temperature  is  greater  than  that  of  any  other  solid 
body  hitherto  examined.  The  former  found  the  amount  of  linear 
contraction  to  be  equivalent  to  0,00002083  for  a  degree  of  Fahren- 
heit  :  the  latter  obtained  a  still  higher  result,  viz.  0,000029086  (Vide 
Ann.  de  Chim,  et  de  Phys,^  3d  series,  vol.  14,  p.  369,  1845,  as  cited 
in  Silliman's  Journal,  2d  series,  vol.  1,  p.  117,  1846;  also,  vol.  3, 
p.  450  of  the  same  journal).  It  is  well  known  that  glass,  in  which 
the  coefficient  of  dilatation  is  very  small,  will  readily  crack  by  the 
sudden  application  of  cold*. 


*  In  two  recent  Beries  of  experiments^  independent  of  each  other,  MIL  Pohrt 
and  Moritz  have  found  the  linear  expansion  of  ice  for  an  interval  of  <mt  degrtt 
of  Fahrenheit^ s  scale,  to  he  0,0000286  and  0,000028778 ;  fractions  nearly 
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The  facts  and  considerations  above  detailed  seem  to  point  to  the 
unequal  contraction  produced  by  the  sudden  application  of  cold,  as 
the  true  cause  of  the  bursting  of  trees  in  rigor>)US  climates.  What- 
ever may  be  thought  of  the  universality  of  this  cause,  direct  experi- 
ments and  observations  prove  that  congelation  of  the  sap  per  se  does 
not  invariably  produce  the  effect.  It  appears  to  us  infinitely  more 
probable  that  the  rifting  supervenes  subsequent  to  complete  conge- 
lation of  the  juices  :  first,  because  the  increased  non-conducting 
power  of  the  woody  structures  under  these  circumstances  would,  of 
neiiessity,  tend  to  establish  a  greater  inequality  of  contraction  when 
the  frigorific  influence  began  to  operate,  and  therefore  a  greater 
liability  to  rupture ;  and  secondly,  because  the  greater  rigidity  of 
the  interior  parts  of  a  tree  whose  juices  are  frozen,  would  tend  to 
bring  about  the  same  result  upon  a  sudden  reduction  of  tempera- 
ture. The  reason  why  some  species  of  trees  are  more  liable  to  be 
rifted  by  cold  than  others,  is  probably  attributable  to  a  difference  in 
the  compressibility  of  their  structures  when  in  a  frozen  condition. 

But  it  may  be  asked,  )£  the  freezing  of  the  sap  does  not  always  kill 
plants,  in  what  manner  does  cold  produce  death  in  vegetables  ?  As 
this  is  a  point  which  has  been  investigated  by  Goeppert,  Morren, 
Lindley,  and  others,  I  do  not  propose  to  notice  it  farther,  at  this 
time,  than  to  indicate  the  bearing  of  their  deductions  on  the  subject 
under  consideration.  The  observations  of  MM.  Goeppert  and  Morren 
seem  to  prove  that  the  common  opinion,  that  cold  acts  mechanically 
upon  the  tissues  of  plants,  by  expanding  the  fluid  they  contain,  and 
bursting  the  cells  or  vessels  in  which  it  is  inclosed,  is  totally  un- 
tenable ;  such  supposed  laceration  of  the  vegetable  tissues  seldom, 
if  ever,  taking  place,  even  when  the  most  succulent  plants  are  frozen 
and  killed  by  cold.  During  the  process  of  congelation,  each  cell  of 
the  tissue  becomes  individually  larger,  by  the  augmentation  of  volume 
which  attends  the  solidification  of  the  contained  fluid ;  but  there  is 
no  burstings  because  the  membrane  is  extensible,  and,  when  thawed, 
the  cell  recovers  itself  by  its  elasticity.  The  more  recent  obseryations 
of  Prof.  John  Lindley  are,  on  the  whole,  confirmatory  of  these  con- 
clusions ;  for  although  in  some  instances  he  found  the  tissue  of  the 
succulent  parts  of  plants  lacerated,  as  if  by  the  dilatation  of  the  fluid 


< 


oordant  with  the  results  of  Schumacher'B  experimentB  (Vide  Liebig  and  Eopp'f 
Report  on  the  Progreae  of  Chemistry,  etc.,  English  translation,  vol.  1,  p.  44,  Lon- 
don 1849> 
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it  bad  contained,  yet  this  result  was  by  no  means  an  inyariable  con- 
comitant of  freezing,  and  is  not  essentially  connected  with  the 
destraction  of  regetable  life.  Upon  a  careful  review  of  all  the  facts. 
Prof.  Lindley  concludes,  "that  the  fatal  effect  of  frost  upon  plants  b 
a  more  complicated  action  than  has  been  supposed  ;  of  which,  the 
fi>llowing  are  the  more  important  phenomena  : 

**  1.  A  distension  of  the  cellular  succulent  parts,  often  attended  by 
laceration,  and  always  by  a  destruction  of  their  irritability. 

**  2.  An  expulsion  of  air  from  the  aeriferous  passages  and  cells. 

"  3.  An  introduction  of  air,  either  expelled  from  the  air-passages 
or  disengaged  from  the  water  during  the  act  of  freezing,  into  parts 
intended  exclusiTcly  to  contain  fluid. 

"  4.  A  chemical  decomposition  of  the  tissue  and  its  contents, 
especially  the  chlorophyll. 

"  5.  A  destruction  of  the  vitality  of  the  latex,  and  a  stoppage  of 
the  action  of  its  vessels. 

"  6.  An  obstruction  of  the  interior  of  the  tubes  of  pleurenchyms 
(woody  fibre),  by  the  distension  of  their  sides"  (  Vide  Professor  A. 
Gray's  Abstract  of  Prof.  Lindley's  Memoir  in  Silliman's  Journal, 
1st  series,  vol.  39,  p.  18  et  seq.,  1840). 

It  will  be  observed  that  the  phenomena  are  partly  mechanical, 
partly  chemical,  and  partly  vital.  So  far  as  the  meckanical  effects  are 
concerned,  it  is  very  plain  that  whatever  increases  the  amount  of 
moisture  in  the  plant  augments  the  liability  to  laceration  of  tissues 
when  freezing  supervenes.  In  relation  to  the  chemical  and  vital  phe- 
nomena, it  is  sufficiently  obvious  that  the  effects  of  cold  must  vary 
with  the  condition  of  the  fluids  in  the  plant.  The  well  known  evil 
influence  of  cold  in  the  spring,  or  after  a  warm  spell  in  winter,  is 
probably  referable  to  the  augmented  suaceptihilUy  which  seems  to 
attend  the  gratving  state,*  It  is  difficult  to  say  whether  this  increased 
susceptibility  to  the  action  of  cold  is  due  to  an  alteration  in  vital 
sensitiveness,  or  to  a  proneness  in  the  fluids  to  enter  into  chemical 
decomposition*.  Possibly  both  causes  may  be  in  operation  ;  bat  ad- 

*  It  is  very  probable  that  the  injurious  effects  of  eold  upon  growing  plants  msv 
be,  in  part,  due  to  the  sudden  stoppage  of  the  changes  which  attend  the  proeeas 
of  active  cell-development  It  is  reasonable  to  suppose  that  any  disturbance  of 
this  process  at  such  a  period  would  lead  to  rapid  and  fatal  chemical  reaetioD& 
The  well  known  fact  that,  in  frozen  potatoes,  all  the  starch  is  converted  into  dex- 
trine and  sugar,  shows  that  important  chemical  changes  may  be  brought  about  by 
the  influence  of  cold. 
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dkional  obserralions  aod  experiments  are  wanting  to  dear  up  many 
points  relating  to  the  exact  manner  m  which  the  death  of  pla/nta  is 
caused  by  cold*  Nevertheless,  whatever  may  be  our  degree  of  igno- 
rance in  relation  to  these  points,  it  is  hoped  that  we  have  succeeded 
in  establishing  the  fact,  that  the  destruction  of  life  is  not  an  invaria- 
ble concomitant  of  the  congdation  of  the  juices  of  plants;  and  con- 
sequently ihat  they  have  not  the  relation  of  effect  and  cause.  Indeed, 
the  proof  of  this  may  be  considered  ttoofold  :  both  negative  and  po- 
sitive. For  it  is  well  known  that  many  tropical  exotics  are  destroyed 
by  a  degree  of  cold  considerably  above  the  freezing  point  of  water, 
when,  of  course,  their  sap  cannot  be  in  a  state  of  congelation  ; 
while,  on  the  other  hand,  as  I  have  endeavored  to  show  in  this  me- 
moir, the  juices  of  other  plants  are  obviously  and  repeatedly  frozen 
without  the  slightest  injury  to  the  powers  of  vegetation. 

The  analogy  between  animals  and  vegetables  seems  to  be,  in  this 
respect,  almost  as  perfect  as  it  is  remarkable.  A  degree  of  cold  which 
absolutely  freezes  the  fluid  contained  in  their  structures,  is  not  equal- 
ly fatal  to  all  plants.  As  among  animals,  each  species  of  plant  is 
adapted  to  endure  a  certain  range  of  temperature,  which  determines, 
with  more  or  less  precision,  the  limits  of  its  geographical  distribu- 
tion. The  fact  that  vegetables  are  less  susceptible  to  the  injurious 
influence  of  cold  when  in  a  d4ynna$U  state,  seems  to  be  a  wise  and 
inestimably  excellent  provision  appointed  by  nature  for  the  preser- 
vation of  the  vitality  of  the  system  against  the  extreme  cold  of  win- 
ter. Observations  and  experiments  are  yet  wanting  te  determine 
whether  those  members  of  the  animal  kingdom,  which  have  little  or 
no  power  of  resisting  external  changes  of  temperature,  are  endowed 
with  a  like  increased  immunity  from  the  injuriouis  effects  of  cold 
during  the  period  of  hybernation.  On  a  future  occasion,  I  hope  to 
make  this  point  a  subject  of  special  investigation. 


12.    Views  on  the  Nature  of  Oeoanic  Structure.    By  Lieut. 
£.  B.  Hunt,  Corps  of  Engineers,  U.  S.  A. 

Throughout  the  whole  range  of  organic  existence,  both  animal  and 
vegetable,  there  is  an  evident  adaptation  of  species  and  individuals 
to  the  particular  circumstances  in  which  they  are  found.  Nor  is  it 
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less  true,  tbat  all  aniinals  and  vegetables  exhibit  a  broad  general 
adaptation  to  the  great  cosmical  and  chemical  peculiarities  of  the 
earth  itself.  The  conditions  indispensable  for  the  existence  of  each 
organic  species  are  such,  that  we  cannot  imagine  its  vital  possibilitj 
except  in  its  present  astronomical  habitat.  Any  great  change  from 
the  earth's  values  for  gravitation,  the  atmospheric  pressure,  the  ave- 
rage heat  and  light,  or  greatly  increased  variations  in  these  elements 
of  condition,  would  prove  fatal  to  all  our  present  species.  Nor  could 
these  species  long  survive  a  fundamental  change  in  the  atmosphere, 
the  waters,  the  vapors,  or  the  soils  of  the  present  terrestrial  system. 

The  problem  of  conditions  of  existence  has  an  astronomical  or 
cosmical  phase.  We  can  conceive  a  planet  with  platinum,  gold,  and 
silica  continents,  with  a  mercurial  atmosphere,  with  elements  whose 
combinations  should  be  a  hundred-fold  more  refractory  than  ours, 
and  yet  with  temperature  conditions  such  that  its  aggregates  of  ia- 
organic  matter  should  be  much  the  same  as  we  now  see.  Moreover, 
we  can  conceive  the  existence  there  of  vital  organic  forms,  composed 
of  elements  wholly  different  from  those  entering  organic  bodies 
here,  but  whose  functions  should  be  performed  exactly  in  conformiry 
with  earthly  analogies. 

How  vastly  unlike  in  physical  features  are  this  Earth,  Neptune, 
and  Mars ;  yet  some  kind  of  organic  life  is,  doubtless,  actually  ex- 
istent on  each.  The  structure  of  material  forms,  fitted  to  perform 
organic  functions,  involves  an  idea  of  the  highest  generality,  and  is 
mechanically  possible  in  an  infinity  of  material  conditions.  Either 
the  organic  form  or  the  habitat  being  given  or  predetermined,  an 
intellect  sufficiently  capacious  could  determine  the  other  by /wrr 
computation.  If  to  this  intellect  be  superadded  the  power  of  giriag 
material  form  or  expression  to  these  computed  results,  nothing 
more  would  be  necessary  for  placing  any  conceivable  organic  type 
in  its  proper  home,  or  in  forming  for  any  home  its  proper  organic 
inhabitant.  Man's  intellect  quite  suffices  to  conceive  how  the  Divine 
Creative  Mind  might  infinitely  vary  organic  foims  in  simple  adapta- 
tion to  their  dissimilar  homes  throughout  this  wide  universe.  The 
historic  order,  in  forming  for  all  these  varieties  the  terms  of  the  ex- 
isting relation  between  home  and  inhabitant,  has  been  seemingly, 
first  to  arrange  the  home,  and  then  to  construct  the  inhabitant.  The 
species  actually  seen  around  us  embody  the  divine  solutions  of  those 
particular  problems  furnished  by  their  specific  physical  circumstan- 
ces. The  range  of  variation  in  these  circumstances  over  the  earth's 
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surface,  permitted  that  immense  variety  of  specific  solutions  ex- 
hibited by  the  known  animal  and  vegetable  kingdoms. 

Certainly,  natural  science  is  falsely  so  called,  when  it  ignores  the 
intellectual  character  of  organic  forms.  An  optician  who  should  at* 
tempt  to  investigate  the  eye  without  conceiving  it  as  an  intellectually 
composed  organ,  might  labor  forever  in  vain.  The  single  way  to 
comprehend  its  structure  and  mode  of  agency,  is  by  carefully  de- 
cyphering  those  ideas  which  are  embodied  and  expressed  in  its 
forms  and  composition.  Its  one  object  is  to  form  distinct  images  on 
the  retina,  and  all  its  parts  are  composed  with  a  strict  view  to  the 
accomplishment  of  this  object.  A  man  who  should  study  hiero- 
glyphics, a  locomotive,  a  telescope,  a  watch,  or  a  book,  in  a  spirit 
of  mental  negation  and  stubborn  imperception  of  their  intellectual 
origin,  would  not  be  more  absurd,  than  one  who  sees  no  intellectual 
designing  in  the  eye,  the  ear,  the  nerves,  the  skeleton,  the  whole 
organic  frame.  So  far  from  its  being  unscientific  to  make  a  clear  and 
positive  use  in  natural  research  of  the  intellectual  character  stamped 
on  all  organisms,  it  is  simply  self-inflicted  blindness  and  deliberate 
paralysis  to  ignore  those  god-thoughts  actually  embodied  in  each 
vital  structure.  The  meaning  and  design  of  these  structures  are  not 
leas  real  than  the  matter  composing  them ;  just  as  the  design  and 
mental  significance  of  a  house  are  equally  real  with  its  materials. 

A  distinct  conception  of  the  intellectual  arrangement  of  organic 
parts,  in  themselves,  in  their  connections,  and  in  their  external  rela- 
tions, gives  a  clue  to  the  physical  nature  of  organic  structures,  such 
as  no  other  view  can  give. 

Inorganic  masses  of  matter  have  an  unlimited  capacity  to  give 
expression  to  ideas,  either  without  motion,  as  in  the  fine  arts,  or 
with  motion,  as  in  machinery  of  all  kinds.  In  a  locomotive,  for  in- 
stance, thousands  of  ideas,  first  existing  only  in  the  human  mind,  are 
materially  embodied  and  formalized  through  this  complex  arrange- 
ment of  parts,  all  of  which  act  in  designed  relations.  Functions  of 
various  kinds  are  performed  in  harmonious  concurrence,  exhibiting 
a  partial  semblance  to  vitality.  Man's  history  proves,  that  were  his 
intellect  a  hundred-fold  greater  than  it  is,  machines  might  be  de- 
vised which  would  perform  uniroagined  wonders.  Every  increase  of 
intellect  would  give  increased  capacity  to  work  ideas  into  material 
forms.  A  comparative  machinist  might,  from  a  machine,  infer  the 
mental  character  and  proficiency  of  its  designer,  just  as  a  compara- 
tive anatomist  makes  oat  from  the  bones  of  an  animal,  all  its  habits. 
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Any  designed  material  structure  reflects  the  intellect  of  its  designert 
and  becomes  higher  in  character  with  each  exaltation  of  the  de- 
signing mind.  Were  man's  intellect  to  grow  towards  an  infinite 
stature,  where  could  we  draw  a  limit  to  his  capacity  for  giving  ma- 
terial embodiment  to  his  most  advanced  ideas  t  Would  not  his  ever 
enlarging  mind  still  clothe  itself  in  material  forms  of  proportionate 
subtlety  in  structure,  function  and  design  ? 

.  But  man,  in  erecting  material  structures,  deals  (mly  with  masses. 
He  has  no  power  to  build  up  his  forms,  by  using  at  will,  and  in 
succession,  single  molecules  of  each  chemical  element.  Were  man's 
perceptions  and  capacities  so  microscopic  that  he  could  work  with 
single  molecules,  and  were  his  intellect  sufficiently  exalted,  he 
might  build  up,  in  a  purely  mechanical  mode,  the  exact  similitude 
of  any  existing  organic  form,  even  that  of  his  own  body.  Infinite 
intellect  having  wrought  out  the  ideal  of  man's  body,  might  thus 
materialize  that  ideal  by  simple  arrangement  of  molecules,  without 
the  least  change  in  any  one  molecule,  or  the  introduction  of  any 
new  mechanical  element.  To  such  a  structure,  the  forces  constitu- 
tional in  mBtt&c  would  give  coherence  and  stability.  What  more  is 
required  for  conceiving  the  physical  character  of  an  organism,  at  a 
given  instant  of  time  ? 

Another  step  remains  to  .complete  our  conception  of  the  whole 
li&  of  organic  structures.  What  then  is  growth,  and  how  is  it  to  be 
conceived  or  explained  t 

The  ideal  of  an  organism  extends  through  its  entire  cycle  of 
being.  The  ideal  of  an  oak  is  not  the  mere  form  of  to-day,  but 
that  aggregate  of  formal  progressions  included  between  the  acorn 
and  the  decaying  oak.  It  includes  provision  for  everything  needed 
to  insure  its  normal  perpetuity.  The  history  of  an  organic  individual 
or  species  must  always  contain  the  two  great  elements  of  original 
constitution  and  circumstantial  position.  The  specific  ideal  is  in- 
wrought and  formalized  in  its  constitution,  while  physical  circum- 
stances mar  or  exalt  the' development  of  this  ideal.  Unless  an  ideal 
were  framed  with  a  foresight  of  circumstantial  influences,  it  must 
soon  be  frustrated.  Now  it  is  very  possible  to  conceive  how  struc- 
tures, intelligently  composed  from  simple  ordinary  molecules,  may 
be  made  to  embody  both  static  and  dynamic  ideals.  The  forces  ap- 
pertaining to  the  ultimate  units  of  matter  are  quite  adequate  to 
work  out  ideals  extending  over  the  changes  of  a  lifetime.  In  all 
organbms,  the  normal  changes  are  progressive,  and  exemplify  the 
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law  of  contimxity.  This  contintiity  extends  unbroken  through  count- 
less generations,  always  exhibiting  strict  conformity  to  mechanical 
requisitions.  The  wheel  of  specific  life  rolls  steadily  on,  while  its 
points  describe  the  cycloids  of  individual  life.  A  present  structure 
may  be  so  composed,  that  the  molecular  forces  acting  between  its 
constituent  molecules  will  of  themselves  work  out  a  long  train  of 
predetermined  changes.  No  matter  how  complicated  the  system  of 
molecules  may  be,  the  determination'  of  the  orbit  and  movements  of 
each  molecule  is  a  strict  problem  in  mathematical  mechanics,  ex- 
actly the  same  in  principle  as  that  of  planetary  or  projectile  motion. 
The  vast  intellectual  difficulty  of  the  discussion  does  not  affect  its 
principle,  nor  would  it  obstruct  a  full  predictive  insight  by  a  mind 
of  sufficient  grasp.  Those  differential  worlds,  whose  integrals  are 
aeen  in  organic  masses,  move  on,  planet-like,  in  the  round  of  their 
mechanically  determined  orbits. 

That  intellect  which  was  large  enough  to  idealize  man,  was, 
doubtless,  large  enough  so  to  construct  his  body  that  the  constituent 
forces  of  its  component  matter  should  operate  the  observed  renova- 
tion and  progression  of  its  parts.  In  framing  the  ideal  of  which  man 
is  the  embodiment,  not  only  is  it  conceivable  that  the  designing 
intelligence  inwrought  every  mechanical  essential  for  the  physical 
functions  of  a  ^11  grown  man,  but  that  a  definite  physical  provision 
for  all  the  changes  in  the  whole  cycle  of  his  being  was  incorporated 
in  the  structure  of  his  body.  The  individual  cycle  of  growth,  and 
the  physical  history  of  our  race,  from  its  beginning  far  into  the  un- 
enacted  future,  may  have  been  structurally  embodied  in  the  frames 
of  our  created  progenitors,  and  in  the  circumstances  of  existence 
surrounding  them  and  their  posterity.  Thus,  too,  by  direct  design 
may  the  body  have  been  made  the  structural  depository  of  all  those 
harmonies  which  alone  can  fit  it  to  become  the  physical  home  of  the 
[q>irit  which  inhabits  it. 

This  mode  of  viewing  organisms  furnishes  a  hint  as  to  instinct. 
A  divine  ideal  would  contain  provision  for  all  stages  in  the  develop- 
ment of  the  individual.  The  activity  of  animal  faculties  is  closely 
connected  with,  and  mainly  controlled  by,  physical  structure,  which, 
in  all  stages  of  development,  must  embody  the  necessary  conditions 
for  continued  existence.  In  designing  and  framing  an  animal  struc- 
ture, the  means  for  stimulating  all  the  faculties  required  at  each 
stage  of  its  existence  would  be  introduced  in  its  bodily  constitution. 
Thus  the  operations,  usually  called  instinctive,  would  result  from  a 
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predetermined  structure,  specially  designed  to  stimulate  the  parti- 
cular faculties  exercised.  The  materialized  ideak  would  determine 
which  faculties  would  be  most  active  at  each  stage  of  growth,  and  in 
each  species  of  animals. 

The  views  now  presented  are  based  entirely  on  the  conceptions 
of  matter  and  its  constitutional  forces,  which  inorganic  masses  cx>n- 
strain  us  to  adopt.  It  cannot  be  too  distinctly  stated  that  every  me- 
chanical idea  is  outraged  by  the  common  conceptions  of  a  peculiar 
"  vital  force"  or  "organic  force."  The  term  "force"  has  a  definite 
meaning  when  used  in  mechanics,  but  no  one  can  define  a  Tital 
force.  It  is  too  mysterious,  fickle,  evasive,  and  illegitimate  to  permit 
a  clear  conception  or  definition.  When  an  organic  process  is  not  an- 
derstood,  a  vital  force  is  usually  summoned  to  remove  our  ignorance 
out  of  sight.  Never  was  anything  more  purely  hypothetical.  Its  parent 
b  ignorance,  smothering  truth  and  investigation  its  office.  Until  some 
shadow  of  evidence  is  presented,  that  a  special  un mechanical  force, 
peculiar  to  organic  bodies,  really  exists,  we  are  in  duty  bound  to 
abjure  this  convenient,  this  elastic  figment  of  a  vital  force,  ^rhich, 
"  having  no  law,  is  a  law  unto  itself."  Though  the  complication  of 
organic  structure  may  forever  prevent  a  strict  mechanical  analysis  of 
organisms,  we  are  not  thus  authorized  to  hypothecate  a  new  force 
fi>r  convenience  in  cloaking  ignorance.  So  far  as  we  know,  no  mole> 
cule  is  ever  moved,  except  by  a  real  mechanical  fi>rce,  nor  indeed 
can  be,  on  account  of  its  inertia.  Though  our  muscles  move  in  obedi- 
ence to  nervous  impulses,  the  agencies  applied  are  doubtless  livboUy 
physical  below  that  point,  so  wholly  mysterious,  where  the  nerves 
centralize  into  one  subtle  thread  of  connection  between  the  spiritual 
and  material  part  of  man. 

This  glancing  into  the  depths  of  organic  structure  is  no  transcen- 
dental flight  beyond  the  actual.  Our  appeal  is  only  to  that  intelligence 
actually  exhibited  in  formalizing  the  masses  which  compose  organic 
bodies.  Let  our  conceptions  but  extend  the  sphere  of  this  intelli- 
gence to  the  intimate  constitution  of  each  organic  mass,  and  we 
shall  find  a  new  light  thrown  on  the  whole  nature  of  organic  struc- 
ture. It  is  true  that  every  organism,  on  this  view,  is  an  embodiment 
of  more  subtle  intelligence  than  all  mankind  can  boast ;  but  he  must 
have  studied  nature  quite  in  vain,  who  has  not  seen  compulsory 
evidence  that  the  organic  architect  ia  indeed  great 
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13.  On  some  Special  Analogies  in  the  Phenomena  presented 
BT  THE  Senses  of  Siqht  and-  Touch.  By  Prof.  Stephen 
Alexander,  of  Princeton. 

Prof.  Alexander  first  noticed  the  well-known  deception  produced 
by  placing  a  pea,  or  other  small  body,  between  two  of  the  fingers, 
previously  crossed  —  the  pea  appearing  double ;  and  mentioned  and 
illustrated  several  other  deceptions,  such  as  may  be  obtained, 

1.  By  holding  a  book  between  the  hands,  the  palms  turned  out- 
ward, the  arms  being  previously  crossed  :  the  edge  of  the  book 
appears,  in  this  case,  to  be  bent  at  an  angle. 

2.  By  passing  the  one  hand  over  its  corresponding  shoulder,  and 
the  oth(^  under  the  arm  belonging  to  it,  and  holding  a  book  between 
the  hands  thus  placed  :  the  edges  of  the  leaves  of  the  book  appear 
to  the  one  hand  to  be  a  continuation  of  the  surface  of  the  back  of  the 
book. 

3.  By  folding  the  tongue  back  upon  itself :  the  portion  thus  placed 
appears  to  be  a  foreign  body  laid  upon  the  tongue,  except  that  the 
sensibility  of  the  part  thus  turned  is  still  perceptible. 

4.  By  turning  the  tongue  up  edgewise,  and  then  placing  it  against 
the  teeth  :  the  teeth  appear  to  be  placed  in  an  inclined,  instead  of 
a  vertical  position. 

Prof.  Alexander  then  stated  the  proposition  that  the  duration  of 
impressions  produced  upon  the  organs  of  touch,  like  those  upon  the 
organs  of  vision,  is  not  instantaneous,  but  continues  for  some  short 
period  of  time.  This  was  variously  illustrated  : 

1.  A  square  bar,  rapidly  revolved,  will  appear  to  the  fingers  to  be 
a  round  file. 

2.  Central  sections  of  the  cylinder,  cone  and  sphere,  will  appear 
in  each  case  like  the  whole  solid. 

3.  A  circular  arrangement  of  round-headed  nails  driven  into  the 
face  of  a  circle,  but  excentricaHy  situated  on  that  circle,  will  appear 
to  have  an  excentric  movement  on  the  face  of  the  circle,  as  the  latter 
turns  about  its  own  centre. 

4.  A  spiral  arrangement  of  the  nails  around  the  centre  of  the 
circle  will  appear  to  unwind  when  the  rotation  of  the  circle  is  in  one 
direction,  but  to  coil  itself  up  more  closely  when  the  direction  of 
rotation  of  the  circle  is  reversed. 

Other  arrangements  were  exhibited,  and  some  merely  indicated. 
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Prof.  A.  stated,  moreoveri  that  when  two  plates  of  metal,  unequal- 
ly  heated,  had  been  made  to  revolve  rapidly  and  come  alternately  in 
contact  with  the  fingers,  the  result  seemed  to  be  a  sensation  of  an 
intermediate  temperature.  He  also  indicated  a  device  by  which  one 
part  of  a  rotating  body  might  be  felt  to  be  hard,  and  the  succeeding 
portion  soft ;  but  the  result  of  a  rapid  rotation  of  the  whole  would 
probably  present  the  sensation  of  an  intermediate  constitution.  Last- 
ly, an  indication  was  given  of  a  plan  for  an  apparatus  by  which  one 
finger  might  be  subjected  to  a  uniform,  and  another  to  a  variable 
pressure ;  but  by  a  rapid  rotation,  the  successive  impressions  of  the 
variable  pressure  might  be  equalized. 

Prof.  Alexander,  in  conclusion,  briefly  adverted  to  the  experi- 
ments of  Weber,  "  De  puUu,  resorptianet  audUu  et  tactu" 


14.    On  the  Relation  between  Erect  Vision  and  the  iBfVEmTBD 
Image  on  the  Retina.    By  Prof  W.  W.  Clark,  of  Albany. 

The  question  as  to  why  we  see  bodies  erect  while  their  images  on 
the  retina  are  inverted,  has  for  a  long  time  attracted  the  attention  of 
philosophers,  and  several  theories  have  been  presented  to  explain 
the  phenomenon. 

Sir  David  Brewster,  many  years  since,  presented  a  theory  in 
which  he  supposed  the  eye  to  possess  a  power  which  he  calls  the 
power  of  "  visual  direction  "  ;  and  that  by  means  of  this,  the  mind 
takes  cognizance  of  the  general  direction  in  which  the  rays  of  light 
come  to  the  eye,  and  thus  of  the  object  itself  in  an  erect  position. 
The  details  of  this  theory,  and  the  objections  to  it,  have  been  so  fully 
discussed  in  our  elementary  works  on  physiology  and  optics,  that  all 
are  probably  familiar  with  them. 

Another  view  which  has  been  presented,  is,  that  at  first  the  eye 
presents  all  nature  to  the  mind  of  the  child  in  an  inverted  position, 
by  means  of  the  inverted  images  on  the  retina ;  but  that  in  a  abort 
time  the  mind  learns  the  fallacy  of  these  impressions*  and,  becoming 
accustomed  to  the  inversion,  is  unconscious  that  they  ever  appeared 
otherwise  than  erect  That  this  theory  is  not  a  correct  expression  of 
the  relations  which  exbt  in  nature,  I  think  will  be  made  evident  by 
what  follows. 
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It  seems  to  me  that  the  great  difficulty  which  the  authors  of  these 
theories  have  found  in  arriving  at  correct  conclusions  in  this  matter^ 
arises  from  the  fact  that  they  had  not  clearly  defined  in  their  minds 
what  is  the  natural  province  of  the  eye  ;  that  is,  how  extensive*  and 
of  what  kind  is  the  knowledge  which  the  eye,  unassisted  hy  the  oth^> 
senses*  can  convey  to  the  mind ;  and,  accordingly,  I  will  first  proceed 
to  examine  this  question. 

That  the  mind  has  no  connection  with  external  nature  except 
through  the  senses,  is,  I  believe,  at  present  undisputed ;  and  it  is 
equally  well  established  that  the  mind  can  obtain  directly  no  know- 
ledge of  external  objects,  until  they  come  in  contact  with  the  nerves 
or  organs  of  touch.  This  being  true,  we  see  that  the  light  which 
enters  the  eye  and  strikes  the  optic  nerve,  can  of  itself  abstractly 
convey  no  idea  of  the  object  from  which  it  emanated ;  since  the  mind 
takes  cognizance  of  light  only,  that  being  the  only  thing  in  >conta(^ 
with  the  nerve*  The  first  ideas,  then,  which  the  mind  receives  through 
the  eye,  are  those  of  the  Jarm  and  color  of  the  image  which  is  formed 
upon  the  retina ;  but  by  means  of  the  unassisted  eye,  the  mind  could 
have  no  knowledge  that  there  was  any  thing  external  to  which  this 
colored  image  corresponded.  The  province  of  the  unassisted  eye  is 
to  convey  to  the  mind  only  the  impressions  of  the  form  and  color  of 
the  images  which,  by  the  agency  of  light,  are  formed  on  the  retina ; 
it  being  entirely  unable  to  give  rise  to  any  idea  of  dntance  or  mag- 
nitude, or  of  any  thing  else  external. 

From  this  we  see  that  until  the  eye  has  been  educated  by  the 
sense  of  feeling,  there  can  be  no  such  thing  as  right  or  wrong  side 
up  to  the  images  on  the  retina,  since  the  mind  is  yet  totally  un- 
conscious that  these  images  bear  any  relation  to  objects  without. 
The  first  time,  however,  that  the  hand  comes  in  contact  with  an 
object,  at  the  same  time  that  there  is  an  image  of  it  on  the  retina, 
the  mind  recognizes  the  correspondence  between  the  image  and  the 
object,  and  of  course  learns  what  part  of  the  image  corresponds  with 
its  top  or  bottom.  After  the  mind  has  once  learned  these  relations,  it 
will  necessarily  ever  after  recognize  that  the  part  of  the  image  which 
is  really  ('but  not  at  aU  knoum  by  the  mind  to  be)  uppermost  in  the 
eye,  belongs  to  the  bottom  of  the  object,  and  vice  versa* 

Whatever,  then,  affects  the  retina  on  one  side  of  the  eye,  will  seem 
to  afiTect  it  on  the  opposite  side.  This  is  beautifully  illustrated  by  a 
phenomenon  which  attracted  my  attention  for  the  first  time  about  six 
years  since.  At  this  time  I  was  lying  on  the  sofa  in  the  evening,  with 
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my  eyes  turned  towards  the  flame  of  a  lamp  which  stood  at  a  little 
dbtance  from  me.  One  of  my  eyes  being  closed,  and  the  other  par- 
tially so,  I  noticed  that  tvfo  streams  of  light  appeai*ed  to  come  to  the 
partially  closed  eye ;  the  one  from  above,  and  the  other  from  below. 
In  examining  the  phenomena  which  these  streams  presented,  I  was 
surprised  to  find  that  when  I  brought  my  finger  down  from  abo¥e, 
so  as  to  intercept  the  light  from  coming  to  the  eye,  the  lower  stream 
was  invai*iably  intercepted  first.  I  explain  these  phenomena  by  re- 
ferring the  appearanee  of  the  stream  of  lig^t  to  the  light  which  shone 
through  the  eyelashes,  and  thus  upon  the  retina  in  the  shape  of  a 
long  pencil  of  rays  which  seemed  to  converge  at  the  flame  from 
which  they  emanated.  It  will  be  readily  seen  that  the  rays  which 
pass  through  the  upper  eyelashes  fall  upon  the  upper  part  of  the 
retina ;  and  that  in  accordance  with  the  above  theory,  the  mind  wiD 
suppose  them  to  come  from  below,  and  vice  versa. 

There  is  another  phenomenon  which  all  have  doubtless  observed, 
which  is*  also  beautifully  explained  by  the  above  theory.  Whenever 
the  finger,  or  any  other  hard  substance,  is  pressed  against  the  ball 
of  the  eye,  the  sensation  of  a  ring  of  light  is  produced ;  and  what  is 
the  most  peculiar,  is  that  this  ring  always  appears  to  be  on  the  side 
opposite  the  point  of  pressure.  Although  this  appears  strange  at  first, 
it  is  still  exactly  what  we  should  predict  by  the  above  theory ;  that 
is,  the  effect  on  the  retina  being  produced  on  one  side  of  it,  that 
effect  will  appear  to  the  mind  to  be  on  th0  opposite  side  of  the  eye. 


15.    On  Daltonism,  or  Blindness  to  Particular  Colors.  By 

Prof.  M'CuLLOH,  of  Princeton,  N.  J. 

[  Net  received,"] 


16.  Relations  of  Embryology  and  Spermatology  to  bome  or 
THE  Fundamental  Doctrines  of  Physiological  Scibncb. 
By  Dr.  W.  J.  Burnett,  of  Boston. 

When  the  influence  of  the  study  of  organic  chemistry  and  microscopy 
waB  beginning  to  be  felt  in  natural  science,  the  prospect  was  held 
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out  that  soon  we  should  understand  fully  the  intimate  and  primordial 
relations  that  exist  between  the  organic  and  inorganic  world. 

This  was  promising  too  much,  and  a  disappointment  has  necessari- 
ly ensued ;  still,  the  quite  thorough  prosecution  of  these  studies  has, 
I  think,  produced  two  distinct  results  or  opinions.  With  the  chemists, 
the  tendency  has  been  to  regard  the  movements  of  the  organic  world 
as  simply  the  results  of  modified  chemical  forces  :  in  other  words, 
that  matter  and  chemical  power  include  the  phenomena  of  life.  With 
the  microscopists,  on  the  other  hand,  the  tendency  has  been  to  con* 
sider  organic  matter  as  endowed  with  a  power  above  and  beyond 
the^e  others ;  and  that  we  are  to  recognize,  in  the  expressions  of  life, 
vital  as  well  as  chemical  forces.  I  believe  this  is  the  tenor  of  all  care- 
fully pursued  microscopical  studies.  With  chemists,  vitality  is  always 
materialized ;  with  microscopists,  it  exists  as  an  entity  above  and 
beyond  matter,  and  may  be  considered  as  its  thoHight  or  idea. 

There  is  a  great  difficulty  in  investigating  subjects  of  this  kind, 
because  we  are  in  constant  want  of  requisite  data  from  which  we 
can  safely  draw  conclusions.  But  since  my  attention  has  been  called 
to  the  microscopical  study  of  developing  forms,  or,  in  a  word,  to 
organic  atoms,  I  have  been  induced  to  adopt  the  opinion  that,  beyond 
and  isolated  from  matter,  there  exists  not  only  what  is  termed  a  vital 
force,  but  ideas  and  thoughts. 

I  propose  to  illustrate  these  views  by  a  consideration  of  some 
results  at  which  I  have  arrived  in  a  new  and  rather  peculiar  depart- 
ment of  microscopy,  viz.  Spermatology,  or  that  which  relates  to  the 
intimate  nature  of  the  spermatic  particles.  But  that  these  may  be 
better  understood,  it  is  necessary  that  I  should  refer  for  a  moment 
to  the  present  conditions  and  relations  of  this  branch  of  science. 

In  embryological  studies,  we  commence  with  the  simple  ovarian 
cell,  or  even  still  further  back,  with  its  nucleus  :  this  we  trace  up- 
ward until  it  has  grown  to  a  perfect  cell.  We  then  watch  the  endo- 
genous formation  of  the  cells  within  it,  until  it  is  a  great  compound 
cell,  which  is  called  the  ovum ;  and  then  we  observe  the  modification 
of  its  contents  into  a  symmetrically  shaped  body,  which  is  the  new 
being.  Now,  throughout  the  animal  kingdom,  not  only  has  this  pri- 
mitive ovarian  cell  the  same  material  aspect,  but  the  same  is  true  of 
the  great  compound  cell  or  ovum.  This,  then,  is  the  fundamental 
paint  in  all  development ;  and  from  the  most  careful  examination 
w^ith  the  highest  and  best  microscopical  instruments,  we  are  unable 

to  perceive  why,  for  instance,  one  cell  should  give  rise  to  a  spider, 
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while  another,  appearing  exactly  like  it,  should  give  rise  to  a  binl. 
We  can  reason  only  from  what  we  know ;  and  if  in  studying  the 
ultimate  atoms  of  two  different  portions  of  matter,  we  can  detect  no 
difference  with  our  present  instruments,  we  certainly  have  a  right  to 
affirm  that  these  portions  of  mattoAare  identical  in  physical  charac- 
ter. We  have  a  right  to  infer,  also,  that  that  power  which  prompts 
each  cell  in  the  above  instance  to  its  ulterior  condition,  viz.  the  pro- 
duction of  a  spider  or  a  bird,  has,  in  the  cell,  no  material  expression 
by  which  it  can  be  determined,  but  that  it  resides  as  a  simple,  pure 
force  or  individual  entity. 

Some  may  call  it  a  dynamic  power  inherent  in  the  cell,  but  this 
is  only  expressing  the  same  in  different  terms.  We  have,  then,  in  a 
single  cell,  the  c«jmplete  idea  of  a  bird  existing  not  as  a  material 
condition,  but  as  a  pure  individuality;  which  last  is  shown  by  the 
fact  that  the  idea  is  not  that  of  simply  a  bird,  but  one  of  distinct 
characters,  which  here  exist  in  thought  or  type  so  minutely  as  to 
comprise  even  the  color  of  the  bill  and  length  of  the  feathers. 

This  view  is  well  supported  by  all  &ct8  of  hybridization;  for 
n^hen  allied  species  unite,  and  there  is  in  the  offspring  a  union  of  the 
characteristics  of  each,  this  last  could  have  occurred  only  at  the  time 
of  fecundation,  when  the  ovum  was  merely  a  compound  cell,  and 
when  it  must  have  possessed  all  the  specific  characters  of  the  female. 
In  this  relation  I  cannot  do  better  than  to  quote  the  words  of  the 
profound  Miiller.  He  says  :  '<  The  simple  embryo,  which  consists  of 
a  granular,  shapeless  substance,  is  to  be  regarded  as  the  potential 
whole  of  the  future  animal,  supplied  with  the  essential  and  specific 
force  of  the  future  animal  itself."  It  may  be  urged  that  this  idea  u 
quite  indistinct,  and  that  we  are  deviating  from  the  true  method  of 
physical  investigation,  by  afiirming  that  the  forces  of  a  bird,  for  in- 
stance, exist  jis  such  before  the  material  organs  by  which  they  are 
to  be  expressed  have  been  formed  ;  but  this  objection  is  not  true  or 
valid,  not  only  because  it  is  based  on  a  mere  opinion  of  the  nature 
of  organic  matter,  but  also  because  it  is  contrary  to  many  facts ;  for 
we  do  have  attempts  at  the  expression  of  individual  forces  long  be- 
fore the  organs  by  which  they  ultimately  find  their  complete  exhiH- 
tion  are  developed,  or  even  when  they  are  never  developed.  Let  me 
therefore  add,  that  if  careful  embryological  studies  teach  anything 
in  this  connection,  it  is  that  each  healthy  ovarian  cell  contains  the 
potential  whole  of  an  individual  like  the  parent,  and  which  is  con- 
stantly seeking  its  complete  development,  to  be  attained  only  by  the 
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codperation  of  a  corresponding  element  of  the  opposite  sex ;  and 
that  the  type  of  form  ultimately  expressed,  heing  the  outward  ex- 
hibition of  inward  forces,  cannot  long  suffer  deviation  without  de- 
struction, and  is  fully  as  permanent  as  the  individual  itsel£ 

If  we  are  not  allowed  these  forces  in  organic  forms,  we  certainly 
never  can  rise  above  mere  material  forms  :  in  fact,  there  would 
appear  to  be  no  reason  why  the  ovarian  cell  of  a  bird  should  not 
produce  equally  as  well  a  mammal.  But  these  relations  are  not  equal- 
ly clearly  understood  by  all ;  and  some  whose  attainments  should 
have  led  them  to  think  differently,  have  so  failed  in  their  appreciation 
of  them  that  they  have  regarded  the  ovum  as  simply  an  organic 
molecule,  thus  putting  an  end  to  all  dispute  in  their  own  minds  as  to 
the  doctrine  of  spontaneous  generation  and  epigeneses. 

I  have  thought,  if  anything  were  wanting  in  embryology  to  render 
such  views  complete,  the  complement  could  be  fully  found  in  its 
counterpart  science,  spermatology ;  and  I  have  therefore  taken  it  up 
in  that  connection. 

What  embryology  is  to  the  female,  that  spermatology  b  to  the 
male.  In  a  histological  point  of  view,  the  process  is  the  same  in  each 
sex.  In  the  one,  you  have  a  simple  cell  passing  on  in  devdopment  to 
a  new  being ;  in  the  other,  you  have  a  simple  cell  passing  on  to  the 
development  of  an  organic  vitalizing  particle,  which  is  the  prototype 
of  that  being.  There  is,  however,  'this  difference,  which  should  be 
remembered  :  it  is,  that  in  embryology,  the  new  individual  form  is 
the  result  of  the  codperation  of  the  two  sexes ;  while  in  sperma- 
tology, it  is  the  result  of  one.  Therefore  our  philosophical  studies  in 
the  latter  begin  for  the  most  part  where,  in  the  former,  they  have 
ended ;  for  the  spermatic  particle  is  the  material  expression  of  the 
male,  both  generally  and  specially  :  it  is,  in  fact,  the  male  embryo. 
The  course  of  study  by  which  this  important  truth  has  been  ascer- 
tained, I  have  treated  of  in  another  place. 

We  here  begin  with  the  simple  testicular  cell,  the  growth  of  which 
we  watch  until  it  has  become  the  great  compound  mass,  the  parent 
sperm-cell,  in  which,  by  a  modification  of  its  contents,  are  developed 
the  spermatic  particles.  These  organic  particles  are  the  true  and 
only  fertilizing  agents  in  the  process  of  fecundation,  in  which,  ex- 
perience has  shown,  that  they  do  not  merely  fertilize — that  is,  light 
up  a  pile  before  all  ready  to  bum — but  they  codperate  and  furnish 
conditions  essential  to  the  peifect  result.  We  know  very  well,  that, 
in  the  higher  animals,  where  often  there  is  a  dissimilarity  of  form 
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tnd  extemtd  appearance  •£  the  two  nexest  the  oflbpring  not  uBfre- 
quentljr  have  all  the  characteristics  of  the  male,  even  down  to  minute 
points. 

In  our  own  species,- we  are  daily  obsenriog  how  correctly  and 
fidthfiilly  the  child  often  inherits,  not  only  the  physical,  but  also  the 
peculiar  mental  features  of  its  father ;  and  too  often,  too,  do  we  see 
in  the  same  inheritance  a  n^ariety  of  disease.  Now,  experiment  has 
shown  that,  in  this  process,  a. single  spennatic  particle  only  is  re- 
quired, and  that  there  is  no  incorporation  of  its  substance  with  the 
ovum,  but  that  the  whole  is  accomplished  by  mere  contact  with  the 
periphery  of  the  ovum.  We'  have,  then,  in  a  word,  the  organic 
particle  of  a  male,  microscopically  minute,  which,  by  mere  contact, 
and  without  any  material  loss,  transmits  to  the  ovum  not  only  the 
potential  whole  of  the  male  generally,  but  particular  mental  and 
physical  characteristics.  It  must  be,  therefore,  that  in  a  minute  par- 
ticle of  matter  there  be  hidden  often  not  only  the  silent  thoughts  or 
prototypes  of  poetry  and  art,  but  also  of  peculiar  love  and  affection. 

It  cannot  be  otherwise,  and  is  no  more  difficult  to  be  comprehend- 
ed, nor  is  the  idea  less  beautiful  in  suggestion,  than  that  these  same 
thoughts^  when  matured  in  after  life,  with  daily  expression,  should 
occupy  the  strange  relation  which  they  do  with  the  material  substance 
of  the  brain. 

It  is  argued  that  the  idea  of  tran9mi$9um  of  force  is  quite  un- 
physical ;  because,  say  the  chemists,  that  only  which  is  substantial 
can  be  communicated.  But  this  I  consider  simply  reasoning  on  the 
ground  that  a  condition  in  nature  is  impossible,  because  it  eludes 
our  means  of  study  and  observation.  But  if  we  are  led  to  take  views 
like  these,  we  must  not  at  the  same  time  suppose  that  all  spermatic 
particles  are,  like  ova,  identical  in  physical  appearance  :  for  the 
spermatic  particle  is  not  the  analogue  of  the  ovum,  but  of  the  new 
being ;  and  as  in  the  latter,  so  in  the  former,  we  find  well-marked 
differences  of  type.  Still  the  physical  characteristics  of  this  particle 
are  not  always  expressive  in  any  way  of  the  individual  of  which  it 
is  the  prototype,  and  both  the  similarities  and  dissimilarities  afibid 
a  fine  argument  on  the  point  we  are  now  discussing.  For  instance,  I 
can  show  a  spermatic  particle  of  a  duck,  which,  as  to  external  ap- 
pearance, as  well  as  by  micrometrical  measurement  as  to  length, 
breadth  and  thickness,  cannot  be  distinguished  in  any  way  from  an- 
other of  a  reptile  z  yet  in  the  one  is  embodied  the  idea  of  a  bird, 
even  to  the  color  of  its  plumage ;  while  in  the  other  is  embodied  the 
thought  of  a  reptile. 
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But  there  is  another  point  from  which  I  wish  to  view  this  Bubjeot, 
and  which  takes  us  still  iurther  back  in  histology.  I  refer  to  the  type 
of  the  spermatic  particle  itself.  In  any  animal,  there  is  but  one  form 
of  this  minute  particle ;  and  from  it  there  is  never  any  yariation« 
any  more  than  there  ia-  in  the  elimination  of  the  embryo  from  the 
female ;  and  exactly  as  there  resides  in  the  ovum  the  thought  or  idea 
of  a  certain-shaped  future  embryo*  so  it  may  be  considered  there 
exists  in  the  sperm-cell  the  thought  or  idea  of  a  peculiarly  formed 
spermatic  particle.  This  may  be  safely  inferred  from  the  unifi[>rmity 
of  results  with  which  we  meet ;  but  in  the  course  of  my  studies  in 
this  directicfly  I  have  met  with  phenomena  which  illustrate  this  point 
in  a  striking  and  beautiful  manner,  and  at  the  same  time  exemplify 
to  us  hrw  wondrous  and  how  certain  is  this  type-power  in  the  ulti* 
timattf  attainment  of  its  object. 

V'ith  one  or  two  preliminary  remarks,  I  can  show  what  I  here 
ipean.  In  the  development  of  a  spermatic  particle,  you  have,  as  I 
have  before  said,  the  parent  sperm-cell,  which  is  a  large  cell  filled 
with  smaller  ones,  each  of  which  is  nucleated.  The  direct  formation 
of  the  spermatic  particles  here  begins  to  take  place,  and  it  occurs  in 
two  general  modes  i  the  first  is  called  the  special  eeU  ;  the  second, 
ike  Jkucicular  mode  of  development.  But  in  some  of  the  rodentia,  I 
have  observed,  apparently  even  in  the  same  animals,  both  modes  of 
development;  in  fact,  two  parent  sperm-cells,  side  by  side,  in  one  of 
which  the  spermatic  particles  are  eliminated  by  thefa$cicuiar,  while 
in  the  other  by  Me  sperm-^dl  mode.  The  results  were  exactly  the 
same,  and  the  particles  of  each  could  not  be  distinguished  from  each 
other.  We  have  here,  then,  a  single  identical  result  from  two  dis«miiar 
processes.  This  fact  stands  for  a  g^eat  deal ;  for  it  would  appear  that 
whether  the  development  takes  the  right  or  the  lefl-hand  road,  the 
type-power  brings  out  always  the  same  result.  It  is  destined  to  gel 
its  expression  some  way,  and  certainly  appears  to  argue  that  there 
are  dynamics  above  and  beyond  material  forms. 

When  an  artist  portrays  in  sculpture  the  outward  forms  of  a 
beautiful  human  face,  we  can  have  no  doubt  that  the  image  of  the 
same  lived  in  his  imagination  before  the  material  work  was  com- 
menced. But  when  the  same  artist  portrays  in  painting  also  the  same 
beautiful  face,  with  exactly  the  same  lineaments,  this  affords  an 
additional  eridence  that  the  conception  was  pure  and  distinct,  and 
lived  as  such  in  his  mind;  and  it  mattered  but  little  whether  it  took 
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this  or  tbat  outward  vbible  form,  for  the  expression  of  the  creative 
thought  would  always  be  the  same. 

Exactly  so  is  it  with  spermatic  and  embryonic  typical  forms.  The 
idea  or  thought  behind  each,  proves  its  individuality  by  the  uni- 
formity of  its  expression  :  it  matters  but  little  or  nothing  whether 
gained  in  this  or  that  manner. 

In  conclusion,  let  me  say  that  I  consider  a  thorough  appreciation 
of  these  doctrines,  of  what  may  be  termed  higher  dynamics,  quite 
essential  to  the  progress  of  physiological  science ;  and  I  cannot  see 
why  men  should  retard  it  by  a  series  of  detailed  explanations  which 
really  obscure  the  matter.  Why  not  recur  at  once,  for  i^tance,  to 
vital  force,  for  the  explanation  of  certain  phenomena ;  ana  then  we 
shall  have  a  point  of  departure,  the  determination  of  the  j^ws  of 
this  vital  farce  remaining  for  our  future  study. 

Liebig  says  :  "  As  soon  as  physiologists  meet  with  the  myaterittos 
vital  force  in  any  phenomenon,  they  renounce  their  senaes  ani 
faculties ;  the  eye,  the  understanding,  the  judgment,  the  reflecting 
faculties,  all  are  paralyzed,  as  soon  as  a  phenomenon  ia  declared 
incomprehensible."  I  do  not  consider  this  true  ;  or  even  if  it  is  par- 
tially so,  it  applies  to  the  chemist  as  well  as  to  the  physiologist  Ic 
is  useless  to  cavil  about  these  matters.  We  must  have  terms  to  ex- 
press phenomena.  In  the  natural  world,  one  thing  appears  almost 
as  mysterious  as  another.  Even  if  we  do  reduce  everything  to  me- 
chanics and  chemical  action,  is  the  matter  then  made  more  clear? 
Do  we  know  anything  about  the  fundamental  principles  of  mecha- 
nics or  chemistry  1  Or  is  a  vital  force  more  mysterious  than  is  mo- 
tUm  with  the  one,  or  affinity  with  the  other?  Is  it  more  comprehen- 
sible that  an  elective  affinity  should  exist  in  inorganic  particles,  than 
that  animal  types  should  exist  in  organic  ones  ?  Of  all  these  mat- 
ters, we  know  nothing  except  from,  their  objective  phenomena,  and 
we  cannot  indeed  do  less  than  to  show  a  consistency  in  their  recog* 
nition. 
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I.   ETHNOLOGY. 

1.  Description  of  Samples  of  Ancient  Cloth  from  the  Mounds 
OF  Ohio.     By  J.  W.  Foster,  U.  S.  Geologist. 

I  avail  myself  of  this  opportunity  to  exhibit  to  the  Association, 
samples  of  cloth  procured  from  two  mounds  in  Ohio,  nearly  a  hun- 
dred miles  asunder. 

As  far  back  as  the  year  1838,  I  procured  from  a  person  residing 
in  Charlestowu,  Jackson  county,  Ohio,  several  fragments  of  cloth 
which  he  had  taken  a  few  days  previously  from  a  low  mound  in  that 
vicinity,  it  was  found  near  the  original  surface,  enveloping  several 
sets  of  copper  rings,  and  for  the  most  part  was  so  far  decayed  as  to 
exhibit  only  the  textile  structure,  but  some  of  the  fragments  were  in 
a  good  state  of  preservation. 

This  fact  was  so  novel  in  itself,  and  so  at  variance  with  the  pre- 
vailing ideas  as  to  the  degree  of  civilization  and  the  knowledge  of 
the  arts  among  the  mound-builders,  that  I  hesitated  about  making  it 
public ;  fearing  that  it  might  have  been  a  modem  substitution,  and 
that  by  publishing,  I  might  be  the  means  of  propagating  error.  I 
therefore  refrained,  trusting  that  additional  evidence  might  be 
brought  to  light.  1  have  now  that  evidence  in  my  possession.  Within 
the  last  six  weeks,  I  have  received  from  Mr.  John  Woods,  a  gentle* 
roan  who  occupies  a  high  official  station  in  Ohio,  and  whose  state- 
ments are  worthy  of  all  credence — additional  samples,  accompanied 
by  a  description  of  the  circumstances  under  which  they  were  found. 
I  beg  leave  to  quote  the  letter  of  Mr.  Woods  entire. 

COLUMBUS  (OmoX  July  6,  1851. 

0BAm  Sn  :  I  have  handed  to  Dr.  Idi  a  qaantity  of  the  charred  cloth  wliich  I 
dug  out  of  a  moand  on  the  west  side  of  the  Great  Miami  river,  in  Madison  town- 
ship^ Butler  connty,  0.  The  mound  ia  about  two  miles  north  of  Middletown. 

The  mound  was  originally  about  twenty  feet  high  :  when  I  first  raw  it,  thirty 
yesrs  ago,  it  was  probably  sixteen  feet  high.  It  was  covered  fifty  years  ago  widi 
Urge  forest  tree^  as  I  am  informed  by  the  old  settleriL 
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The  Cineinnati,  Hamilton  and  Dayton  railroad  nms  through  one  side  of  tibe' 
mound,  half  of  which  has  been  cat  down  for  the  track.  The  workmen  informed 
me  that  they  had  found  an  arrow,  and  a  considerable  quantity  of  charcoal,  doth 
and  bones.  I  took  a  dioTel,  and  after  removing  the  earth  so  as  to  be  sure  that  I 
was  down  as  far  as  the  formation  had  been  disturbed,  I  took  out  sereral  shoyek 
full  of  earth,  coal  and  cloth  :  the  charcoal  seemed  to  be  that  of  oak  and  sugar- 
tree.  Dr.  Ide  will  transmit  to  you  a  larger  quantity  of  the  doth  than  I  can  send 
in  a  letter.  I  have  preserved  it  in  the  condition  in  which  I  found  it  in  the  moond, 
as  nearly  as  practicable.  The  workmen  said  they  had  found  pieces  of  doth  con- 
nected with  tassels,  or  ornaments  of  doth.  I  have  retained  about  half  the  quan- 
tity which  I  took  out  of  the  mound. 

About  ten  feet  from  the  top  of  the  mound  there  was  a  firm,  compact  stratum 
of  fine  clay,  about  an  inch  thick,  which  appeared  as  if  it  had  been  burned  until 
it  was  red ;  under  this,  near  the  middle  of  the  mound  was  another  stratum,  of  a 
beautiful  fine,  yellow  or  cream-colored  day,  entirely  different  from  any  in  the 
neighborhood.  Under  this  stratum  of  yellowish  clay  I  found  the  charcoal,  doth 
and  bones ;  they  were  so  loose  that  I  could  almost  with  my  hand  sink  down  the 
shovel  eighteen  or  twenty  inches.  The  bones  which  I  found  were  few  and  small. 
I  did  not  understand  that  any  large  ones  were  found.  Very  little  earth  appeared 
to  be  mixed  with  the  coal  and  cloth,  which  were  evidently  in  the  position  ia 
which  they  had  been  placed  when  buried  and  covered  up.  The  charcoal  appeared 
to  be  on  the  outside  of  the  doth,  which  was  frequently  in  thick  folds ;  half  s 
dozen  thicknesses  being  together. 

One-half  of  the  mound  is  yet  standing  at  the  side  of  the  road ;  and  if  I  can 
find  leisure,  I  will  make  farther  examinations.  The  stratum  of  burned  earth  and 
yellow  day  did  not  extend  over  the  whole  mound,  or  through  i^  bat  occupied 
only  five  or  six  feet  in  extent^  so  far  as  I  discovered. 

The  only  question  which  arises  in  my  mind,  as  to  the  time  when  the  ehareoal 
and  doth  were  deposited  in  the  mound,  is  whether  the  mound,  erected  by  an 
anterior  race,  may  not  have  been  made  a  burying  place  by  the  Indians  who  ex- 
isted here  when  America  was  discovered,  and  that  they  had  wrapped  their  dead 
in  the  cloth ;  and,  after  partially  burning  the  bodies,  or  the  bones  and  doth,  had 
covered  up  the  fire.  I  thought  of  this  question  nt  the  time,  and  was  careful  to 
examine,  as  fully  as  was  then  practicable,  the  condition  of  the  earth  around  and 
over  the  relics  which  I  dug  out ;  and  it  appeared  to  me  that  the  original  lonna- 
lion  could  not  have  been  disturbed  after  it  was  placed  in  the  mound. 

Very  respectfully  your  obedient  servant, 
J.  W.  FoensB,  Esq.,  U,  8.  OeoiogisL  JOHN  WOODS 

There  is  no  evidence  that  the  North  American  Indians  possessed 
the  art  of  spinning  and  weaving,  when  first  known  to  the  white 
man.  An  art  so  conducive  to  the  comfort  and  conyenience  of  mao, 
when  once  acquired,  would  not  become  lost  :  nor  would  it  be  ra- 
tional to  infer  that  this  cloth  was  a  European  fabric  obtained  by  the 
Indians,  substituted  in  the  mounds,  within  comparatively  recent 
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times,  for  the  following  reasouB  :  In  the  Batler  county  mound,  the 
semi-stratification,  described  by  Mr.  Woods,  indicates  no  disturb- 
ance. 

The  material  of  this  cloth  is  not  such  as  a  cirilized  race  would 
manufacture  to  traffic  with  a  barbarous  one ;  it  being  more  costly 
than  wool,  and  less  adapted  to  the  purposes  of  clothing. 

The  texture  of  some  of  these  samples  could  not  have  been  formed 
in  an  ordinary  loom,  but  is  undoubtedly  the  result  of  handiwork. 

These  facts  hsTO  an  important  bearing  upon  the  ethnology  of  the 
people  by  whom  the  mounds  were  built.  They  indicate  a  hi^er  de- 
gree of  civilization,  and  a  greater  progress  in  the  aits,  than  had 
been  attained  by  the  Indians  when  first  known  to  the  white  man. 
They  go  far  to  dissever  the  present  race  of  Indians  from  the  mound 
builders ;  a  laborious  and  intelligent  people,  who  have  left  abundant 
memorials  of  their  existence  from  the  confines  of  Lake  Superior 
to  those  of  the  Gulf  of  Mexico. 

The  fabric  in  both  samples  appears  to  be  composed  of  some  ma- 
terial  allied  to  hemp,  but  less  readily  recognized  in  the  charred 
samples  than  in  the  others ;  and  the  separation  between  the  fibre 
and  the  wood  appears  to  have  been  as  thorough  and  effectual  as  is 
accomplished  at  this  day  by  the  processes  of  rotting  and  heckling. 
The  thread,  though  coarse,  is  uniform  in  size,  and  ^n^i 
regularly  spun.  The  texture  in  the  specimens  from 
Jackson  county,  as  well  as  in  some  of  those  from 
Butler  county,  is  formed  by  the  alternate  intersection 
of  the  warp  and  woof;  but  in  others,  from  Butler 
county,  the  weft  is  wound  once  around  the  warp,  thus : 
a  process  which  could  not  be  accomplished  except 
by  hand. 

I  see  no  reason  to  doubt  that  these  textile  fabrics  are  the  work 
of  the  mound-builders.  The  art  of  spinning  and  weaving  was  prac- 
tised by  the  Peruvians,  when  their  country  was  first  invaded  by  the 
Spaniards;  and  samples  of  cloth,  and  the  distal  on  which  the 
thread  was  spun,  are  associated  with  the  oldest  monuments.  In 
corroboration  of  this,  I  quote  the  verbal  statement  to  me  of  Mr.  B. 
O.  Carter,  a  gentleman  who  passed  several  years  in  that  country 
and  personally  assisted  in  the  exploration  of  many  of  the  remains 
of  antiquity.  Thus,  at  Pachacamao,  thirty  or  forty  miles  from  Lima, 
where  stands  the  Temple  of  the  Sun,  there  are  numerous  remains  of 
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walls,  built  of  adobes,  or  Bun-dried  bricks,  indicating  tbe  site  of  a 
once  large  and  compact  town.  In  the  kueuxis,  or  burial  places,  are 
found  numerous  mummies  in  a  sitting  posture,  wrapped  in  many 
folds  of  cloth,  with  an  exterior  covering  of  coarse  matting.  It  is 
composed  of  a  regular  warp  and  woof,  the  thread  being  twisted  or 
spun,  and  is  often  wrought  in  variegated  patterns.  The  fabric  con* 
sists  of  the  wool  of  the  lama  or  alpaca,  and  perhaps,  in  some  in- 
stances, of  cotton,  which  here  grows  spontaneously.  In  this  connec- 
tion, it  is  not  unusual  to  find  spindles,  with  the  yam  upon  them, 
which  are  sticks,  nine  or  ten  inches  long,  terminated  at  one  end  by 
a  button  :  also,  various  utensite,  indicative  of  the  occupation  of  the 
deceased ;  and  in  some  instances,  personal  ornaments,  consisting  of 
gold  and  silver,  such  as  chaplets  and  bracelets.  Articles  of  pottery, 
filled  sometimes  with  corn  and  sometimes  with  cotton,  are  abun- 
dant. 


2.    On  the  Aborigines  of  Nicarauoua.    By  £.  G.  Squisb,  of 

New- York. 

[Not  received,] 


3.    On  the  Distinctive  Characters  of  the  Indians  of  Cali- 
fornia.    By  Dr.  J.  L.  Le  Conte,  of  Philadelphia. 

Mccn  has  already  been  written  respecting  the  races  of  Indians  in 
the  western  parts  of  America,  and  I  can  scarcely  hope  to  add 
anything  new  to  what  has  already  been  said  concerning  them.  Yet 
having  an  opportunity  of  seeing  many  tribes  not  usually  visited  by 
travellers,  I  have  thought  that  it  might  be  useful  briefly  to  give 
my  observations  on  the  distinctive  characters  presented  by  these 
Indians. 

Should  these  observations  correspond  with  those  already  made  by 
others,  they  will  be  interesting  as  having  been  derived  from  a  differ- 
ent source  :  should  they  not  accord,  they  may  perhaps  give  some 
further  evidence  on  the  much-vexed  question  of  the  origrin  of  the 
race. 
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The  physical  appearance  of  the  Califomian  Indians  has  already 
been  described  so  often*  that  there  is  no  use  in  repeating  the  de-  ft 

scription  here.  I  will  merely  say,  that  the  few  Oregon  Indians  I  have 
seen  did  not  differ  in  any  essential  character  from  those  of  California; 
nor  did  the  sea-shore  tribes  differ  from  those  of  the  Sierra,  or  the 
▼alley  of  the  Colorado.  My  notes  are  principally  derived  from  ob- 
servation of  the  latter  tribes ;  for  the  reason  that  I  remained  longer 
among  them,  and  because  the  absence  of  clothing  in  these  tribes 
permitted  me  to  make  the  requisite  comparisons  more  easily. 

The  special  difference  between  them  and  eastern  Indians  consists 
in  the  greater  extent  of  face,  with  smaller  and  narrower  cranium ; 
a  less  decided  obliquity  of  eye ;  a  greater  flatness  of  nose,  dependent 
on  a  greater  breadth  of  the  alae,  and  a  less  firm  cartilage ;  greater 
protrusion  of  lips,  and  a  more  pointed  chin.  The  last  is  a  deceptive 
character,  and  may  be  produced  simply  by  a  greater  expansion  of 
the  face  below  the  eyes.  The  color  varies,  being  much  darker  in 
some  tribes  than  in  others,  and  is  usually  much  enhanced  by  their 
dirty  habits,  as  they  never  wash  any  portion  of  their  bodies,  except  in 
summer,  as  a  relief  from  the  excessive  heat. 

The  other  characters  more  clearly  separating  this  from  allied 
races,  are,  the  grreater  abundance  of  hair  on  the  body,  many  of  the 
males  having  quite  as  much  hair  on  their  legs  as  is  common  in  our 
own  race ;  they  have  also  much  more  hair  on  their  faces  than  other 
Indians,  and  always  have  hair  in  the  axillae.  These  characters  are 
not  found  in  the  females. 

The  differences  in  form  between  the  sexes  are  more  apparent  than 
in  any  other  race.  The  males  are  almost  always  slender  and  well- 
proportioned  ;  while  the  females  are  short,  broad,  and  entirely  desti- 
tute of  all  symmetry.  Nor  is  this  difference  owing  to  the  hard  work 
which  they  are  obliged  to  perform,  for  they  do  not  labor,  more  than 
is  nsual  among  savages  ;  and,  moreover,  the  same  difference  in  form 
exists  among  the  peons  of  the  ranches,  where  neither  sex  performs 
any  work  at  all. 

The  difference  noticed  by  Major  Emort  in  the  form  of  the  nose 
of  the  two  sexes  in  the  Maricopas,  does  not  appear  equally  constant 
Among  theYumas,  there  are  many  females  with  straight  noses, 
while  many  males  retain  the  very  decided  snub  form  which  charac- 
terizes both  sexes  when  young. 

The  mammae  of  the  young  females  are  more  acutely  conical  than 
those  of  any  other  women  I  have  seen. 
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In  psychical  character,  these  cations  show  still  stronger  difFerenoes 
from  the  easterti  tribes.  Quiet  and  submissive,  the  nations  living 
with  the  whites  have  assumed  a  servile  condition,  which  under  no 
circumstances  could  have  been  impressed  on  the  eastern  Indian. 
Impertinent,  cowardly  and  treacherous  in  a  wild  state,  they  seise 
every  opportunity  to  molest  and  impose  on  weak  bodies  of  emigrants; 
while  in  the  presence  of  those  whom  they  fear,  they  exhibit  the  most 
abject  submission.  Never  coming  to  an  open  attack  with  the  whites, 
they  rely  only  on  treachery,  and  their  unsuspecting  victims  are  al< 
ways  destroyed  with  clubs. 

Another  fact,  which  must  be  considered  as  an  indication  of  a 
psychical  peculiarity  in  the  western  tribes,  is  the  prevalence  of  the 
sounds  kJdt  Jcl  and  d  in  their  languages,  recalling  at  once  in  th^ 
softer  forms  the  civilized  languages  of  Mexico.  These  sounds  occor 
also  in  the  Oregon  languages,  becoming  mord  harsh  in  the  most 
savage  tribes  :  among  them,  too,  is  found  a  set  of  guttural  and  glottal 
consonants  of  the  k  series,  which  are  entirely  wanting  in  the  eastern 
tribes.  It  is  by  such  analogies  as  this,  rather  than  by  any  afiinity  of 
words,  that  we  must  be  guided  in  our  researches  among  savages. 
In  languages  formed  like  those  of  Indians  by  isolated  families,  and 
subject,  from  the  wuit  of  literature,  to  continual  change,  but  little 
resemblance  may  be  traced  between  the  words  of  different  tribes^ 
Where,  however,  the  mental  constitution  of  nations,  when  civilisa* 
tion  has  not  interfered  with  the  instincts  of  nature,  is  similar,  the 
manifestatiiin  of  this  similarity  will  be  noticed  in  the  occurrence  of 
characteristic  sounds  in  their  languages. 

The  number  of  articulate  sounds  is  but  small,  yet  the  modifications 
are  very  numerous.  Among  the  nations  capable  of  intellectual  ad* 
vancement,  in  the  slow  progress  from  barbarism  to  civilization,  the 
harsher  sounds  are  eliminated,  and  higher  consonants  of  the  same 
series  are  substituted.  The  language  thus  preserves  certain  characters 
of  the  class  to  which  it  belongs,  although  it  may  have  been  ao  mo- 
dified that  its  original  form  may  only  be  detected  with  great  difficulty. 
Thus  the  harsh  spasmodic  sounds  of  the  Africans  are  not  the  gut- 
turals of  the  American  Indians ;  nor  are  these  the  same  as  the 
uncouth  sounds  of  the  Australians. 

The  Mexican  language,  highly  cultivated  though  it  was,  and  con* 
talning  no  articulate  sound  not  existing  in  our  own  longue»  yet  re- 
tained a  polysynthetic  structure  as  its  continental  character,  -and  an 
excess  of  the  U  sound  to  aid  us  in  tracing  the  zoological  divisioB.iB 
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which  it  originated.  This  is  the  only  mark  that  it  retains  to  show  its  \ 

origin,  and  this  is  a  sound  ahsent  in  the  languages  of  the  Atlantic 
tribes.  We  are  therefore  led  on  psychical  grounds  to  class  the  highly 
cultivated  Aztec  with  tlie  barbarous  tribes  of  western  America. 

As  a  curious  analogy,  illustrating  the  psychical  relations  existing 
between  the  Mexican  nations  and  the  western  tribes,  I  will  mention 
that  on  some  highly  sculptured  pipes  procured  at  Nisqually  by  Dr. 
Phillips,  U.  S.  N.,  I  was  surprised  to  see  human  figures  in  very  dis- 
torted positions,  as  if  crushed  down  with  immense  weights,  precisely 
like  those  figured  as  occurring  at  Palenque,  Uxmal,  and  other  cities 
of  central  America,  as  basal  ornaments  of  columns. 

Now,  although  the  comparison  between  a  stone  pipe  and  these 
wonders  of  original  architecture  may  be  considered  trifling,  yet  I 
view  this  similarity  of  aesthetic  ideas  among  nations  having  no  con- 
nection with  each  other,  and  separated  by  such  a  lapse  of  time,  as 
of  considerable  interest.  If  rightly  viewed,  this  fact  should  teach,  as 
will  the  relations  of  language  already  mentioned,  that  beside  the 
spiritucd  similarity  which  stamps  itself  on  the  highest  as  well  as 
the  lowest  form  of  hun^anity,  there  are  still  more  special  resem- 
blances which  are  confined  each  to  a  particular  race,  and  remain 
impressed  on  that  race  in  the  depths  of  barbarism,  as  well  as  under 
the  light  of  intellectual  culture. 

It  is  difficult  to  understand  why  this  view  may  not  be  extended 
to  those  still  more  spiritual  ideas,  which  are  embraced  in  the  term 
tradition ;  the  material  resemblances  in  the  ornaments  of  distant 
tribes  being  founded  on  the  accordance  of  principles  of  harmony  and 
beauty,  depending  purely  on  similar  organization  of  the  soul  of  the 
tribes  in  question,  why  should  we  deny  to  the  still  higher  attributes 
of  their  nature,  a  power  of  expressing  themselves  also  in  a  similar 
manna*,  without  any  direct  transmission  of  ideas  from  one  to  the 
other.  Why  should  not  the  accordance  in  the  fundamental  obser- 
vances and  doctrines  of  some  of  the  most  different  primeval  religions 
be  ascribed  to  this  spiritual  resemblance,  rather  than  to  the  remnants 
of  a  primeval  revelation,  of  which  there  is  not  a  single  witness, 
either  historical  or  traditional. 

By  riewing  traditions  in  this  manner,  we  are  again  deeply  im- 
pressed with  the  flmdamental,  incorporeal  unity  of  the  species; 
while  we  perceive  still  more  prominently,  in  the  difference  between 
classes  of  traditions,  the  original  organic  difference  of  races. 

My  object,  in  the  present  remaiics,  is  to  show  that  the  investiga- 
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tion  of  these  traditions  must  be  subjected  to  scientific  analysis  and 
criticism,  before  they  can  be  allowed  to  give  us  any  certain  data 
concerning  the  early  history  of  our  species. 


n.   GEOGRAPHY. 


4.  On  Deep  Sba  Soundings.    By  Lieut.  M.  F.  Maury,  U.  S.  N. 

[  Not  received,] 


5.    Proposal  for  a  Trigonometrical  Survey  of  New- York. 
By  Lieut.  E.  B.  Hunt,  Engineer  Corps  U.  S.  A. 

The  importance  of  obtaining  accurate  delineations  of  the  leading 
geographical  features  of  this  country  is  so  obvious,  and  so  generally 
conceded,  that  it  would  be  superfluous  here  to  elaborate  arguments 
in  its  proof.  Geography  is  no  longer  content  with  the  vague  infor- 
mation of  first  reconnoissances,  but  demands  the  aid  of  accurate 
methods  and  the  most  perfect  instruments.  Geodesy,  topography, 
hydrography  are  indispensable  handmaids  to  any  geography  worthy 
a  civilized  nation.  In  a  country  like  ours,  where  so  many  physical 
features  are  new  and  interesting,  it  is  particularly  needful  to  obtain 
an  accurate  representation  of  the  multiplied  accidents  of  ground. 
There  is  a  grandeur  and  sublimity  even  about  many  of  the  charac- 
teristics of  our  broad  territory,  which  may  well  make  us  proud  to 
picture,  in  topographical  language,  all  the  natural  features  of  this 
home  of  a  nation  now  gi*eat,  and  soon  to  be  the  greatest. 

A  nation's  home,  its  mountains,  valleys,  rivers,  lakes,  climate  and 
productions,  enter  so  largely  into  its  history  and  very  vitality,  that 
a  great  importance  must  necessarily  be  attached  to  accurate  know- 
ledge of  all  these  particulars.  The  geography  of  a  country  contaiiis 
a  prophecy  of  the  history  of  that  train  of  nations  which,  in  turn,  act 
their  parts  on  it  as  a  stage.  The  mountains  of  Switzerland  and  Scot- 
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land  foretold,  ere  man's  creation,  the  histories  of  a  Tell  and  a  Brace,  ^ 

And  here  we  are  in  a  new  world,  a  world  of  wonders,  over  whose 
8U]*face  are  written  these  cryptic  prophecies  of  the  eyer- widening 
vista  of  history  that  is  to  be.  Where  is  the  prophet  who  will  inter- 
pret these  hieroglyphics?  Philosophers  are  all  prophets  within  the 
sphere  of  their  knowledge,  being  made  such  by  their  knowledge. 
Let  the  land  and  water  of  our  country  be  truly  delineated,  and  we 
may  then  forecast  the  future  of  our  history.  This  forecasting  should 
not  be  in  a  spirit  of  vague  wonder,  but  with  an  intelligent  purpose 
to  regulate  and  rightly  act  our  normal  part  in  history.  The  social 
and  political  prospects  of  our  country  are  so  commingled  with  geo- 
graphical influences,  that  in  the  highest  sense  is  it  important  to  be- 
come familiar  with  the  features  of  our  wide  territory. 

This  counti*y  is  eminent  for  its  internal  improvements,  and  it  is 
evident  how  great  would  be  the  advantage  of  accurate  surveys  in 
connection  with  this  rapidly  growing  system.  How  much  accurate 
maps  are  needed,  every  one  must  have  felt  who  has  travelled  through 
the  common  roads  of  the  country.  The  vicinity  of  every  ctiusidera- 
ble  town  should  be  so  represented,  that  a  stranger  can  understand 
the  network  of  highways  around  it.  In  the  thousand  ramifications  of 
common  social  life,  the  convenience  and  use  of  accurate  maps  is 
felt.  Millions  of  miles  are  needlessly  travelled,  for  the  want  of  pro- 
per maps. 

Surveys  of  the  geographical  features  of  all  the  States  in  the  Union, 
with  the  exception  of  Massachusetts  and  perhaps  New-Jersey,  are 
now  and  must  ever  remain  eminently  needed  until  they  shall  be 
actually  made.  It  is  evident  that  the  time  is  not  distant  when  these 
will  be  emphatically  called  for  by  all  the  combination  of  needs  which 
require  them  of  every  scientific  or  civilized  nation.  They  will  be  made; 
and  why  not  soon  enough  to  give  us  the  benefit  of  their  results  ? 
It  is  certain  that  if  we  are  among  those  nations  alive  to  the  power 
and  benefits  of  the  sciences  characterizing  civilized  society,  the 
States  of  this  Union  must  in  turn  be  surveyed  with  that  nice  accu- 
racy which  geodesy  now  demands  and  furnishes.  We  may  then  beat 
enter  at  once  on  this  labor,  so  that  the  benefits  as  well  as  the  labOT 
may  be  ours,  while  those  who  follow  us  may  enjoy  the  benefits 
without  the  labor. 

It  has  seemed  to  me,  in  view  of  these  and  many  other  considera- 
tions which  need  not  here  be  adducedi  that  it  is  fully  time  for  New- 
York  to  undertake  an  accurate  geographical  survey  of  her  whole 
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territory.  With  a  population  of  three  millions,  with  wealth  and  re- 
sources making  her  not  unworthy  the  name  of  Empire  State ;  with 
an  enlightened  legislature,  which  has  ever  nobly  favored  science; 
Mrith  thousands  of  highly  educated  citizens,  who  would  fully  appre- 
ciate the  advantages  of  accuracy  in  its 'geography  and  topography; 
with  these,  and  many  other  worthy  stimulants  for  doing  its  high  duty, 
it  has  seemed  to  me  very  proper  here  to  propose,  in  seriouB  earnest, 
that  a  beginning  should  be  made.  To  nearly  every  member  of  this 
Association,  I  am  convinced  this  subject  need  but  be  named  to 
ensure  hearty  appreciation.  In  this  Association,  now  convened  in  the 
capital  of  the  very  State  in  question,  I  see  the  most  proper  body  for 
actively  urging  the  claims  of  this  proposal  on  the  Grovemment  of 
New- York.  Here,  if  anywhere,  is  a  fair  and  honest  tribunal  for  the 
trial  of  this  proposal,  and  one  to  whose  verdict  respectful  attention 
will  surely  be  conceded.  Permit  me  now  to  say,  that  when  science 
fairly  urges  her  claims  in  the  spirit  of  honest,  true-hearted  devotion 
to  her  own  high  ends,  she  vnll  ever  find  in  our  legislatures  a  readj 
and  liberal  response.  Let  us  speak  out  truly  our  real  wants,  and  we 
shall  surely  be  heard. 

The  idea  which  I  have  conceived  of  what  a  survey  of  New- York 
should  be,  is  about  the  following  :  Let  a  base  be  measured  in 
Western  New- York,  and  made  the  starting  line  for  a  system  of 
primary,  secondary  and  tertiary  triangulation,  extending  towards 

)  Pennsylvania  and  New-England.  A  connection  will  be  obtained  in 

the  Hudson  valley  with  the  Coast  Survey  triangulation,  giving  the 
J  desired  verification.  Plane  tabling  should  extend,   first,   over  the 

ground  around  the  cities  and  large  villages,  so  as  soon  to  furnish 
good  maps  of  the  principal  cities  and  villages,  and  their  vicinities, 
throughout  the  State,  excepting  such  as  are  already  covered  by  the 
Coast  Survey  operations.  The  work  should  then  be  extended  so  as 
to  obtain  the  elements  for  complete  county  maps,  to  be  published 
in  the  general  order  of  population  of  counties,  or  per  square  mile. 
The  hydrography  of  the  interior  lakes  should  also  enter  the  scheme. 
A  general  State  map  would  follow  these.  In  regard  to  harbors  on 
the  lake  coast,  it  is  a  question  whether  their  surveys  should  not  he 
left  to  the  General  Grovemment,  the  data  being  furnished  from  the 
State  survey.  In  point  of  accuracy  and  style,  the  work  should  not 
fall  essentially  below  that  of  the  Coast  Survey,  and  might  perhaps 
well  be  assimilated  to  the  operations  for  a  single  section  of  the 
coast.  These  general  hints  seem  sufficient  on  this  point. 


The  subject  now  submitted  is  one  which  I  trust  will  command 
the  cordial  siqpport  of  this  Association ;  and  it  is  impossible  to  check 
the  hope  that,  ere  long.  New- York,  like  Massachusetts,  will  be  able 
to  show  a  fair  presentment  of  hei'  magnificent  area.  It  is  not  by 
chance,  but  by  design  that  this  matter  is  presented  with  special 
reference  to  this  State.  Circumstances  seem  particularly  to  point  to 
it  as  the  State  most  needing  such  a  survey,  and  best  able  to  under- 
take it.  Myself  a  natire  and  earnest  well-wisher  of  New- York, 
though  now  owing  a  first  fealty  to  all  these  States  united,  it  will  be 
a  grateful  imagination  to  fancy  those  pictures  of  her  widely  diversi- 
fied and  village-dotted  territory,  which  would  result  from  the  pro- 
posed survey.  Flanked  by  the  beautiful  Hudson  and  the  sublime 
Niagara*  with  her  pearl  necklace  of  peaceful  lakes  and  her  towering 
Adirondacks  and  Catskills,  the  picture  would  delighc  the  artista 
interest  the  philosopher,  and  instruct  the  statesman. 

With  the  purpose  of  giving  practical  form  and  initial  existence  to 
the  geographical  survey  of  New- York,  and  to  express  what  may 
fairly  be  presumed  to  be  the  sincere  desire  of  this  Association,  I 
would  now  move  the  following  resolutions  : 

Jietolwd,  Thftt  the  President  of  this  Association  be  reqiiested  to  appoint  a 
oommittee  of  ^%  memben^  to  prepare  a  memortal  in  the  name  of  this  Aisoei*- 
tion,  to  be  addressed  to  the  Governor  and  Legislature  of  New-York,  nidging  Um 
speedy  commencement  of  a  Geographical  Survey  of  that  9tate^  and  presenting  a 
matured  project  of  that  kind  of  survey  deemed  most  desirable^  with  a  oareful 
estimate  of  its  cost  :  this  memorial  to  be  duly  presented,  if  possible^  before 
January  next 

JUwolvedt  That  this  committee  be  requested  to  consider  the  general  subjeet  of 
state  geographical  surveys^  and  to  report  thereon  at  the  next  annual  maetiag. 
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n.  MAinnPAOTUEEB, 

1.  On  the  Economical  Uses  of  the  Skin  of  the  White 
Porpoise.  By  T.  S.  Hvnt,  of  the  Geological  CommiBsion 
of  Canada. 

Mr.  Hunt  cozamenced  by  a  description  of  the  habits  and  charac' 
ter  of  this  cetacean,  the  Ddphmus  leucos  of  Ghnelin,  which  is  a 
native  of  the  Arctic  seas,  particularly  of  the  Gulf  of  the  St.  Law> 
rence  and  Hudson's  Bay,  where  it  attains  a  length  of  firom  tweke 
to  twenty  feet.  Its  color  is  of  a  nearly  nniform  creamy  white.  The 
fisheries  of  these  animals,  which  are  extensive  in  the  lower  St.  Law- 
rence, were  then  described,  and  the  various  modes  employed  for 
taking  the  animals. 

They  have  long  been  valued  for  their  oil,  of  which  they  furnish  a 
large  quantity ;  a  beluga  of  twenty  feet  yielding,  in  a  good  season, 
150  gallons  of  superior  oil.  The  general  chemical  and  physical  cha- 
racters of  this  oil  were  then  remarked  upon.  It  is  probably  a  purer 
elain  tlian  is  obtained  from  any  other  natural  source,  and  in  a  cold 
country  is  thus  of  great  value.  It  is  now  employed  exclusively  for 
the  lighthouses  of  the  lower  St.  Lawrence ;  the  board  of  commis- 
sioners having,  after  a  careful  trial,  given  it  a  preference  over  all 
other  oils  for  illuminating  purposes. 

The  skin  of  the  beluga,  freed  from  its  epidermis,  and  a  thick  mu- 
cous layer  which  underlies  it,  has  been  found  to  be  capable  of  being 
made  into  leather  of  a  very  superior  quality.  The  process  is»  in  many 
respects,  very  difierent  from  that  which  is  required  for  the  manufac- 
ture of  other  skins,  and  is  the  result  of  a  long  series  of  careful 
experiments,  by  Mr.  C.  H.  Tetu,  of  Riviere  Quelle,  who  has  recently 
obtained  a  patent  for  the  invention.  The  leather,  in  its  ordinary  form, 
has  the  thickness  of  sole  leather ;  but  its  peculiar  and  valuable  pro- 
perty is,  the  uniformity  and  closeness  of  its  texture,  which  enables 
it  to  be  split  into  three  or  four  parts,  each  of  which,  when  dressed, 
has  the  smoothness  and  uniformity  of  surface  which  usually  belongs 
to  grain  leather.  Thin  sections  of  it  resemble  the  finest  kid,  and  are 
.  employed  for  the  fabrication  of  gloves.  Other  important  characters 
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of  this  leather,  are  ita  great  strength  when  compared  with  calfskin; 
a  peculiar  elasticity,  which  obviates  the  ordinary  tendency  to  wrinkle 
and  fold;  and,  to  a  great  degree,  impervlousness  to  water. 

Such  are  the  general  features  of  this  discovery,  which,  from  the 
abundance  in  which  the  animals  are  found,  promises  to  be  of  very 
high  importance  in  an  industrial  and  commercial  point  of  view. 

The  new  process  of  M.  Tetu  has  also  been  successfully  applied 
to  skin  of  the  common  whale  of  the  gulf,  which  yields  an  excellent 
coarse  leather. 


2.  The  Process  or  Manupacturjno  White  Zinc  Paint,  bt  the 
New-Jerset  Mining  Company.  By  A.  C.  Farrington,  Esq., 
of  Newark,  N.  J. 

The  New-Jersey  Exploring  and  Mining  Company  prepare  the  white 
oxide  of  zinc  from  the  red  zinc  ores  of  New-Jersey,  in  the  following 
manner,  at  their  establishment  in  Newark  : 

The  crude  ore,  as  obtained  from  the  mine,  is  stamped  and  ground 
so  fine  that  the  coarsest  grains  do  not  exceed  one-eighth  of  an  inch 
in  diameter  :  it  is  then  mixed  with  an  equal  bulk  of  fine  anthracite 
or  dust  coal,  preparatory  to  being  introduced  to  the  furnace. 

The  furnace  is  an  oblong  mufHe,  built  with  fire-bricks,  the  top  of 
which  is  a  flattened  arch  not  exceeding  ten  inches  in  height.  The 
present  dimensions  of  the  furnace  hearth  are  seven  feet  by  fourteen. 
The  fire  grate  is  at  one  end ;  and  the  heat  is  so  introduced,  that  it 
flows  along  the  top  and  sides,  returning  through  side-flues  under  the 
bottom,  and,  passing  back  through  a  central  passage  to  the  rear  end 
of  the  furnace,  makes  its  exit  by  descending  to  an  underground  flue 
leading  out  of  the  building  to  the  chimney.  The  charge  is  introduced 
through  a  brick  funnel  built  from  the  centre  of  the  muffle,  and  is 
covered  with  a  tile  and  with  coal  dust.  The  charge  is  spread  and 
stirred  by  openings  to  the  muffle  each  side  of  the  fireplace,  and  a 
large  one  at  the  opposite  end,  through  which  the  residuum  is  raked 
when  the  charge  is  sufficiently  worked. 

At  the  end  of  the  furnace  opposite  the  fireplace,  there  is  a  flue 
connected  with  the  interior  of  the  muffle,  through  which  the  zinc 
vapor  and  carbonic  oxide  pass.  A  sheet-iron  pipo  sixteen  inches 
diameter  is  adjusted  to  this  flue,  having  an  aperture  of  about  one 
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hundred  inches  area  for  the  admission  of  atmospheric  air.  This  pipe 
connects  ivith  a  large  one  of  five  feet  diameter,  that  leads  into  a  brick 
tower  twelve  feet  square  and  thirty  feet  in  height,  having  a  sheet- 
iron  roof.  Near  the  upper  part  of  this  tower,  several  large  pipes 
pass,  for  the  purpose  of  conveying  air  to  assist  in  cooling  the  heated 
gases  and  zinc  oxide.  From  this  tower  the  zinc  is  conducted  through 
sheet-iron  pipes  to  the  receiving  rooms,  where  it  is  collected  in 
muslin  sacks.  The  oxide  of  zinc  and  heated  air  are  drav^n  from  the 
furnaces  by  an  exhausting  blower  connected  with  the  sheet-iron 
pipe,  and  impelled  forward  through  the  tower  to  the  sack  receivers. 
The  receivers  are  sewed  together,  and  suspended  in  long  buildings 
separate  from  the  furnace  building.  There  are  now  in  use,  one,  two 
hundred  and  sixty  feet  in  length  ;  one,  two  hundred  and  forty  ;  and 
one,  eighty  :  each  one  is  twelve  feet  wide,  and  from  twelve  to  six- 
teen high. 

The  operation  of  the  work  is,  that  when  the  heat  in  the  furnace  is 
sufficient  to  deoxidize  or  reduce  the  ore,  the  vapor  of  zinc  ascends : 
meeting  with  a  current  of  atmospheric  air,  it  becomes  instantly 
oxidized,  and,  passing  through  the  arrangement  of  pipes  named,  is 
caught  in  the  muslin  sacks,  which  are  kept  distended  by  the  force 
of  the  heated  air  driven  into  them,  but  which  escapes  through  the 
meshes  of  the  cloth  without  bursting  the  same.  The  impure  oxide 
that  may  contain  fine  particles  of  the  coal  dust  mixed  with  the  charge, 
never  passes  the  brick  tower,  but  falls  there,  and  is  taken  out  at  the 
bottom.  The  sacks  are  discharged  of  white  oxide  through  muslin 
tubes  placed  at  convenient  distances  along  their  bottoms  ;  and  when 
not  used,  are  tied  like  a  flour-bag. 

To  arrive  at  the  cost  of  working  upon  this  plan,  I  transcribed  from 
the  superintendent's  books  the  following  items  of  costs  for  the  week 
ending  August  8th,  1851  : 

69  toxiB  of  coal,  at  |4,00  ....  $276,00 
16}  tons  of  ooal  dust,  at  2,50  ....  41,25 
28}  tons  prepared  ore,  at  6,00  .  • .  •  ^  151 ,00 
Labor  and  superintendence 222 ,00 

$690,25 

The  product  was  38500  pounds  of  white  oxide,  showing  that  aboot 
68  per  cent  was  obtained  from  the  ore  used ;  and  the  cost  of  pro- 
duction was  a  fraction  less  than  one  cent  and  eight  mills  per  pound. 


PROCEEDINGS 


OF    THE 


ALBANY   MEETING,  1851. 


A,   HISTOBT  OF  THE  HEETmO. 

The  Seventh  Meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  was  held  at  Albany  (New- York),  commencing  on 
Monday  August  19,  and  continuing  until  Saturday  August  24.  The 
Standing  Committee,  as  usual,  held  a  meeting  on  Monday  the  26th, 
fbr  the  completion  of  unfinished  business. 

The  number  of  members  present  during  the  week  was  greater 
than  at  any  previous  meeting  :  the  list  of  names  registered  amounted 
to  194 ;  and  many  persons,  it  is  known,  omitted  their  duty  in  this 
respect.  One  hundred  and  twenty-one  new  members  were  elected. 

The  papers  read  amounted  to  134,  classified  as  shown  in  the  table 
of  contents,  ll  is  to  be  regretted  that  so  many  are  entered  as  not 
received ;  the  authors  having  failed  to  send  them  in,  so  as  to  be  in* 
eluded  in  the  volume  of  proceedings. 

The  general  meetings  of  the  Association  were  held  in  the  rooms 
of  the  Albany  Academy.  The  meetings  of  the  sections  were  held 
partly  in  the  same  building,  and  partly  in  the  State  House. 

The  Annual  Address  was  delivered  by  Dr.  Bache,  the  retiring 
President,  in  the  State  House,  Thursday  evening. 

The  members  of  the  Association  were  most  liberally  entertained 
on  successive  evenings  by  His  Excellency  Governor  Hunt,  and  by 
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Messrs.  Lansing,  Corning,  Prentice,  and  Olcott.  By  iDvitation  of 
the  City  Authorities  of  Troy,  and  the  Rensselaer  Institute  of  the 
same  place,  a  meeting  was  held  in  this  city,  after  which  an  entertain- 
ment was  provided  by  them.  The  members  of  the  Association  pro- 
ceeded to  Troy  in  carriages  furnished  by  the  corporate  authorities 
of  Albany,  and,  on  their  way,  stopped  at  the  Watervliet  Arsenal,  by 
invitation  of  Colonel  Baker. 

A  number  of  letters  and  communications  were  received  from 
various  corporate  bodies,  offering  the  use  of  rooms,  collections,  etc. ; 
which  will  be  found  under  a  special  head. 

Among  the  several  invitations  in  regard  to  the  next  place  of 
meeting,  the  Association  accepted  that  of  the  City  of  Cleveland, 
tendered  by  its  Corporation,  through  the  Mayor,  Hon.  W.  Case« 
The  time  selected  was  the  third  Wednesday  of  August  (the  18th), 
1852. 

The  expense  of  publishing  the  volume  of  proceedings  of  the 
Albany  Meeting  was  assumed  by  the  citizens  of  Albany,  and  a  sum 
of  money  raised  sufficiently  large  for  the  purpose. 

In  addition  to  the  papers  presented  to  the  Association,  various 
articles  of  interest  were  exhibited,  as  specimens  of  flax  cotton,  by 
Prof.  Mitchel  ;  daguerreotypes  of  the  sun  during  the  late  eclipse, 
by  D.  H.  Wells,  Esq.  Dr.  H.  Goadby  presented  microscopic  and 
other  objects  preserved  in  his  fluids ;  and  Mr.  Hotchkisb,  a  new 
mode  of  preserving  plants  in  a  herbarium. 

The  changes  in  the  Constitution  passed  at  the  New-Haven  Meet- 
ing were  adopted,  with  certain  modifications,  as  will  be  seen  under 
the  head  of  Resolutions  of  the  Association, 

The  officers  elected  for  the  ensuing  meeting  consist  of  Prof.  B. 
Peirce  of  Cambridge,  President ;  Prof.  J.  D.  Dana  of  New-Haven, 
General  Secretary ;  Dr.  A.  L.  Elwyn  of  Philadelphia,  Treasurer. 
The  Permanent  Secretary,  Prof.  S.  F.  Baird  of  Washington,  holds 
his  office  for  three  years  from  August  1850. 
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B.   INVITATIONS   BECEIVKD, 


From  the  CoDUQon  Gomcil  sf  the  City  of  Albaoy. 

IN  COMMON  GOUNCD;  A^tguat  4,  1850. 

Whbbsab  it  has  been  represented  to  this  Board  that  a  meeting  of  the  American 
Association  (or  the  Advancement  of  Science  is  to  be  held  in  this  oitj  on  the  third 
Monday  of  August  instant ;  and  whereas  in  view  of  its  importance  and  advantage 
to  the  country  at  large,  and  in  conformity  to  the  established  custom  of  the  cor* 
porate  authorities  in  other  cities  where  the  meetings  of  the  Association  have 
heretofore  been  held,  in  proffering  their  accustomed  civilities : 
Therefore, 

JUsolved,  That  the  hospitalities  of  our  city  be  tendered  to  the  sud  Association, 
and  that  its  members  be  invited  to  visit  the  public  institutions  and  the  Rural 
Cemetery ;  and  that  the  Mayor,  with  the  Committee  on  Academies  and  Schools^ 
be  requested  to  make  the  necessaiy  arrangements  for  carrying  the  same  into  effect 

Adopted.  (A  true  copy.)    THOMAS  B.  MORBOW,  Clerk. 


From  the  Regents  of  the  Uniremtj  of  the  State  of  New-TorL 

At  a  Meeting  of  the  Regents  of  the  University  of  the  State  of  New-York,  held 

June  25^  1861 : 

The  Regents  having  been  officially  informed  that  the  Annual  Meeting  of  the 
American  Association  for  the  Advancement  of  Science  is  appointed  to  be  held  in 
this  city  during  the  month  of  August  next : 

Resolved,  That  the  Regents  hereby  invite  the  members  of  the  Association  to 
visit  the  State  library  and  the  State  Cabinet  of  Natural  History,  and  to  avail 
themselves  of  the  privileged  granted  to  the  visitors  of  those  collections^ 

Reaoivedf  That  a  copy  of  the  above  be  sent  to  the  Local  Secretary  of  the 
Association.  (A  true  extract  from  the  minutes.) 

T.  ROMEYN  BECK,  Beeretary. 


From  the  Albaof  Institute. 

At  a  Meeting  of  the  Albany  Institute,  held  June  19th,  1861,  the  following 
resolution  .was  passed : 

Jiedolwd,  That  the  use  of  the  rooms^  library  and  colleetions  of  the  Institute  be 
offered  to  the  American  Association  for  the  Advancement  of  Science^  during  its 
coming  sesiioii  in  this  dty.  GEORGE  H.  COOK,  lUe,  Secretary. 
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FroiD  the  AlbaDj  Academy. 

ALBANY  ACADEMY,  Jmu  16^  1851. 
O.  R.  PEBEIN8,  ESQ. 

D«AB  Sib  :  At  a  Meeting  of  the  Trustees  of  the  Albany  Academy,  the  following 
preamble  and  resolutions  were  unanimously  adopted  : 

The  Trustees  of  the  Albany  Academy  having  been  informed  that  a  meeting  of 
the  American  Association  for  the  Adraneement  of  Science  had  been  appointed  to 
be  held  in  this  city  in  August  1851  : 

Re^oived,  That  the  use  of  the  rooms  of  the  Academy  be  tendered  to  said 
Association  for  its  meetings. 

Resolved,  That  a  copy  of  this  resolution  be  forwarded  to  the  Local  Secretaiy 
of  tiie  Association.  (True  copy.)    WILLIAM  H.  CAMPBELL^  CUrk. 


From  the  Albany  Female  Academy. 

Tnm  Trustees  of  the  Albany  Female  Academy  learn  with  pleasure  that  a  meeting 

of  the  American  Association  for  the  Advancement  of  Science  will  be  held  in  this 

city  in  August  next ;  and  in  tendering  the  members  of  said  Association  a  weloome^ 

we  would  also  tender  them  the  use  of  our  rooms,  and  free  access  to  our  library. 

Albaht,  My  8,  1851.  By  Order  of  the  Board. 

W.  L.  IfARGY,  Premdent 
L.  S.  PABSONS^  Seertiarf. 


From  the  Albany  Medical  Ceilege. 

Tbs  Trustees  of  the  Albany  Medical  College,  having  learned  that  the  Annual 
Meeting  of  the  American  Association  for  the  Advancement  of  Science  is  to  be  held 
in  this  city  during  the  present  month,  would  respectfully  invite  the  members  of 
the  same  to  visit  their  institution  :  they  also  tender  them  the  use  of  their  room^ 
for  any  of  their  general  or  section  meetings^  IRA  HARRIS^  PrttidaU, 

AuAHT,  August  1,  1851. 


Fnim  the  State  Nemal  School 

ALBANY,  Jums  1*1,  185L 
O.  B.  PERKnTB,  ESQ. 

I>BAB  Sib  :  At  a  Meeting  of  the  Executive  Ck>mmittee  of  the  State  Nomal 
School,  held  to-day,  the  following  preamble  and  resolutions  were  unanimously 
adopted: 

The  Executive  Committee  of  the  State  Normal  School,  being  informed  that  the 
Annual  Meeting  of  the  American  Association  for  the  Advancement  of  Science  will 
be  held  in  this  city  in  August  next, 

Resolvsd,  That  the  use  of  the  rooms  in  the  State  Normal  School  be  tendered  to 
•aid  Association,  for  its  meetings. 

Bssolwd,  That  a  copy  of  this  resolution  be  forwarded  to  the  Local  Secretaiy 
of  the  Afsoeiatloii.  (Thie  copy.)    WILLIAM  H.  CAMPBELL 
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Fnm.the  Albany  Yonig  Men's  issociition. 

ROOMS  OF  THE  ASSOCIATION,  Albany,  Jum  14,  1851. 

Wbebeas  the  American  ABSocuttion  for  the  Advancement  of  Science  have 
laTored  this  city  as  the  place  of  their  meeting  in  Auguat  next : 

Xeaohed,  That  we  extend  to  the  members  of  said  Association  our  friendly 
calntations,  and  a  cordial  welcome  to  our  city. 

Jiesolved,  That  the  free  use  of  our  reading  rooms,  lecture  room  and  library,  be^ 
and  the  same  is  hereby  tendered  to  the  members  of  the  said  Association,  during 
their  stay  in  Albany. 

JUsolved,  That  this  Association,  collectiyely  and  as  individuals,  will  take  pride 
in  rendering  the  visit  of  the  American  Association  among  us  agreeable  to  its 
distinguished  members^  so  that  it  may  be  a  pleasure  to  them  both  to  remember 
and  to  renew  it 

Hetolvedt  That  a  copy  of  these  resolutions,  signed  by  the  President,  and  duly 
attested  by  the  Recording  Secretary,  be  forwarded  to  the  said  Association. 

(A  true  copy  from  the  minutes.)  J.  L  JOHNSON,  PreHdenJL 

M.  C.  G.  Nichols^  Recording  Secretary, 


From  tke. Rensselaer  PoljtechDii:  Institnte. 

Received  by  the  Tnuteet  of  the  Renaeelaer  Polytechnic  Institute,  That  their  best 
wishes^  and  the  hospitalities  of  the  Corporation  be  tendered  to  the  American 
AflBOciation ;  and  that  its  members  be  invited  to  visit  the  rooms  of  the  Institution, 
at  such  time  during  their  session  at  Albany  as  may  best  suit  their  convenience. 

Jteaolvedf  That  Professor  Grxenb  be  requested  to  communicate  the  foregoing 
resolution  to  the  Ameriean  Association,  as  early  as  may  be  expedient,  at  their 
present  meeting.  STEPHEN  WICKES,  Secretary  of  the 

Tuoj,  Augtut  18,  1851.  Corporation  of  the  kens.  PoL  LuiihiU. 


From  the  Rensselaer  Polytechnic  Inslitnte. 

TO  THE  STANDING  COMMnTEE  OF  THE  AMERICAN  ASSOCIATION. 

Tbb  Trustees  of  the  Rensselaer  Polytechnic  Institute,  hearing  with  great 
gratification  that  it  is  proposed  by  the  American  Association  to  hold  one  of  its 
morning  sessions  at  Troy,  on  the  occasion  of  its  intended  excursion  on  Thursday: 
Therefore, 

Resolved,  That  the  physical  lecture  room  of  the  Institute,  with  such  other 
rooms  as  may  be  needed,  be  tendered  for  the  use  of  the  Association  in  holding 
the  meeting  before  referred  to.  I.  M'CONIHE;  >  p     . 

T^T.  August  19,  1851.  T.  a  BRINSMADE.  \  Prudential  Com. 
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Fna  ti!  OI2XII  Ct:ic3  if  the  Citj  if  Clerelani 

MAYOR'S  OFFICE  Clevklahis  ^ii^«j«  18,  1851. 
;gte  :  Bt  a  «a>atww>  rw^^^tioa  <af  tke  Citj  CoancU  of  dereland,  I  mm  re- 
«^\:<!^iNl  to  iaT;:<  tK«  Am«»rK«aL  AaMiieanoB  for  the  AdTaneemeni  of  Science^  ower 
vkuv'K  vvHt  f  r««»^^  te  iKwi  th<tr  »fxt  aiiBsal  meetugat  develaod ;  and  to  mman 
\\>^  xlnjki  a  IV ^•y  k>r  swrcl?^  viU  W  fvraiskcd«  and  the  proceedings  of  the  Con- 
Xv»a:*o=  v-fc^r^rr-rT  pcK^<d  as  th*  exp^^aae  el"  the  City. 

AV.v^w  s>(r.  «£r«  t^^  Vv^  tkis  it  Mar  vihrt  the  Tieva  of  the  Aasociation  to  aoeqA 
tiiU  131  >  ::a^::v^aL  I  rfiiin  jotm  tmly, 

WILLIAM  case;  Mayor. 


i\  vVVMlTTKKsi   FKv^M   WHICH   REFORIS   WERE   DUE*. 

Cvsw^-*^  ::^v  ott  :>:*  r»;vr  .<  FH>£  ym-sn.    K«|««ct<d  aad  ^sd^rged. 

Cvsv.r,-.  :.*v  c«  IH^  vV\i.*jii>  EIV.j>toe  T^S<i»  eC  Xe^taae.    Reported  and  di 


Ovc:--  :%v  ^  '.Jw  vVc'-it  ti.\-*S.»a  rf  Lwtl  M.%rrr  eft  W&»&  aad  Cbii— U.  Dii- 
Cwa 


*  rV<  moMe  H  ^  jwrniiKSJ^at  'vil  Ve  V oiar 


NEW  COMMITTEES  APPOINTED*  395 


D.   NEW   COMHirrKEB  APPOINTED. 

1.  To  examine  Mr.  Ltman'b  Telescope ;  the  Stand  for  Mr.  Simhonb's  Telescope ; 

and  the  Mountain  Barometer  of  Mr.  Andeitws.  Reported  and  die- 
charged. 

2.  Relative  to  Dr.  Hough's  Communication  in  respect  to  reducing  and  publishing  /^ 

Meteorological  Obseryations  in  the  State  of  New-York.    Reported  d| 

and  dischai^ed.  \ 

3.  To  examine  »the  Microscope  and  Lenses  brought  to  the  Meeting  of  the  Abbo- 

ciation  by  Mr.  Spenceb.    Reported  and  discharged. 

4.  To  memorialize  Congress  for  an  Appropriation  to  enable  Prof  Mhohkl  to 

perfect  and  apply  his  New  Astronomical  Apparatus. 

5.  To  arrange  the  Details  of  a  System  of  Combined  Meteorological  Obsenratioiis 

for  North  America.    Reported  and  continued, 

6.  To  digest  a  plan  of  reducing  the  obseryations  made  under  the  direction  of 

the  R^ents  of  the  University  of  New- York  from  1825  to  1850,  with 
reference  to  their  publication,  and  to  decide  upon  the  stations  which 
shall  be  included  in  this  reduction. 

7.  To  memorialize  the  State  of  New- York  and  others,  in  regard  to  geographical 

surveys.  '' 


E.   REPORTS   OF  COMMrTTEES. 

Report  of  the  Committee  on  Prof.  Mitchel's  New  Method 
OF  Observing  and  Recording  Right  Ascension  and  North 
Polar  Distances. 

Prof.  Peircb  presented  the  conclusion  of  the  report  on  the  obser- 
vation of  right  ascension  and  north  polar  distances.  The  committee 
were  very  much  in  favor  of  the  discoveries  made  by  Prof.  Mitchel. 
They  recommended  that  a  committee  be  appointed  to  memorialize 
Congress  to  aid  the  professor  in  bringing  his  investigations  to  a 
close. 

Prof.  MiTCHEL  then  explained  the  old  methods  of  making  these 
observations,  and  compared  them  with  his  new  method.  He  showed 
that  by  means  of  a  magnetic  key,  when  the  star  was  bisected,  the 
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record  wafl  made  at  once.  He  bad  encountered  many  difficulties  in 
his  examinations  :  sometimes  so  greatly  did  they  increase  around 
him,  that  they  taxed  his  perseverance  to  the  utmost.  When  he  got 
to  measuring  very  minute  arcs,  he  had  met  with  great  sources  of 
error,  which  he  had  eventually  overcome.  He  had'  not  the  means  to 
pursue  the  investigation  farther,  so  that  he  had  been  obliged  to  leave 
his  apparatus  in  an  imperfect  state. 

Since  the  New-Haven  meeting,  he  had  commenced  a  series  of 
observations  on  the  sun's  diameter,  which  he  compared  with  the 
observations  in  the  Nautical  Almanac.  He  showed  th^  minute  power 
of  the  instrument  which  he  had  contrived.  Having  found  that  bis 
micrometer  was  imperfect,  after  reflection  he  had  come  to  the  con- 
clusion that  it  might  be  made  more  perfect  He  then  explained  how 
he  had  observed  the  declination  of  the  various  stars  as  recorded. 
No  hand  in  the  world  had  sufficient  steadiness  to  make  such  minute 
marks  as  the  exquisite  marks  made  by  the  instrument  which  he  bad 
used.  When  he  discovered  how  perfect  was  the  record  of  the  several 
stars  which  he  had  observed,  he  never  had  had  such  feelings  in  his 
whole  life.  He  named  the  stars  on  which  he  had  made  observations. 
When  he  had  found  out  to  what  the  discrepancies  were  owing,  he 
went  back  with  the  micrometer  and  examined  them  still  farther, 
until  he  had  perfectly  satisfied  himself  where  these  difierences 
occurred. 


Report  op  the  Committee  on  Prof.  Coakley's  Elliptic  Tables 

OF  Neptune. 

Lieut.  Davis,  from  the  Committee  on  Prof.  Coaklet's  Tables  of 
Neptune,  made,  by  its  direction,  the  following  report : 

The  committee,  after  deliberation,  has  decided  to  report  against 
the  publication  of  these  tables,  not  because  they  are  in  the  slightest 
degree  deficient  in  accuracy,  but  because  it  is  of  the  opinion  that 
the  publication  of  purely  elliptic  tables  of  a  planet,  unaccompanied 
by  tables  of  the  perturbations,  would  be  a  retrograde  step  in 
astronomy. 


REPORTS  OF  OOMMITTBB8.  897 


Report  of    the  Committee  on   Dr.  Hough's  CoMMUNicATioif 

RESPECTING   THE    METEOROLOGICAL   ObSBRYATIONS    MADE   IN   THB 

Stat'e  op  New- York. 

The  Committee  to  whom  was  referred  the  communication  of  Dr. 
Hough,  relative  to  reducing  and  publishing  the  Meteorological 
Observations  made  in  the  State  of  New-York  from  1825  to  1850, 
repoit  the  following  resolutions  : 

Re9olvedt  That  in  the  judgment  of  this  committee,  it  is  important  that  the 
results  of  the  meteorological  observations  made  in  the  State  of  New-Tork  daring 
the  last  twentj-fonr  years,  under  the  directions  of  the  Brents  of  the  University, 
be  published. 

Heiolvedf  That  a  special  committee  of  three  be  appointed  to  digest  a  plan  of 
redaction  of  the  observations,  with  reference  to  their  publication,  and  to  decide 
upon  the  stations  which  shall  be  included  in  this  reduction. 

Jietolved,  That  Dr.  Bscx  and  Professors  Gutot  and  Loomib  be  that  committee. 


Report  of  the  Committee  on  Microscopes,  on  the  Lensm 

EXHIBITED   to   THE    ASSOCIATION   BY   Mr.  SpBNCBR. 

The  Committee  on  Microscopes  have  the  honor  to  report,  that  they 
have  carefully  examined  several  sets  of  microscopic  objectives,  re* 
cently  manufactured  by  Mr.  Charljbs  A.  Spencer,  of  Canastota, 
New- York;  and  that,  after  numerous  trials  with  the  most  difficult 
test  objects  known,  they  are  unanimously  of  opinion  that  these  lenses 
are  of  unrivalled  excellence. 

The  perfection  of  these  glasses  was  shown  by  their  admirable 
defining  power,  their  unprecedented  largeness  of  aperture  still  pre- 
serving good  working  distance,  and  by  freedom  from  the  ordinary 
defects  of  lenses.  The  committee  believe  it  unnecessary  to  repoit 
in  detail  the  different  experiments  made,  but  confine  themselves  to 
the  statement,  that  after  numerous  trials  by  all  the  modes  and  tests 
which  have  been  repeatedly  employed  by  different  members  of  the 
committee  in  examining  many  of  the  best  foreign  lenses,  they  have 
arrived  at  results  with  Mr.  Spencer's  objectives  which  they  believe 
have  never  hitherto  been  obtained  by  any  microscopes  in  existence. 
The  low  powers,  as  well  as  the  high  ones,  excited  their  admiration, 
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readily  and  beautifully  resolving  test  objects  hitherto  considered 
entirely  beyond  the  reach  of  glasses  of  corresponding  focal  distance. 
As  every  improvement  in  the  microscope  has  a  direct  and  most 
important  influence  on  the  progress  of  scientific  research,  the  com- 
mittee believe  that  they  cannot  express  in  too  strong  terms  their 
admiration  of  the  results  obtained  by  the  unaided  efforts  of  Mr. 
Spencer;  and  however  reluctant  to  appear  in  a  boastful  attitude, 
they  believe  it  would  be  an  act  of  injustice  not  to  state  their  sincere 
conviction  that  Spencer's  objectives  are  now  the  best  in  the  world. 


Report  of  the  Committee  on  Meteoroloot,  on  the  Arrange- 
ment OF  A  System  of  Combined  Meteorological  Observations 
FOR  North  America. 

The  Committee  on  Meteorology,  to  whom  was  referred  by  the 
Association  the  "  Proposition  for  extending  the  system  of  meteoro- 
logical observations  now  in  operation  under  the  direction  of  the 
Smithsonian  Institution,"  respectfully  present  their  report,  and  ask 
of  the  Standing  Committee  their  consideration  of  it,  and  of  the 
resolutions  appended  to  it,  so  that  they  may  be  presented,  if  ap- 
proved, to  the  Association  at  the  present  meeting. 

It  is  not  necessary,  at  the  present  day,  to  go  into  any  argument 
on  the  importance  of  such  observations.  Wherever  civilization  ex- 
tends, their  value  is  recognized,  and  they  are  sustained  by  private 
and*public  exertions.  At  different  times,  systems  of  observations  have 
been  organized  by  different  governments  and  societies  of  the  Old 
World,  for  determining  the  general  and  particular  questions  which 
occur ;  and  in  our  country,  the  General  Government,  and  several  of 
the  State  governments,  as  New- York,  Pennsylvania,  Massachusetts, 
have  kept  up,  for  a  limited  time,  several  series  of  meteorological 
observations,  from  which  results  of  high  importance  have  been 
derived. 

Recently  the  British  Government  have  determined  to  maintain 
the  Magnetical  and  Meteorological  Observatory  at  Toronto,  where 
full  observations  are  made  with  instruments  registering  by  photo- 
graphic methods.  Our  own  Gk)vemment  still  keeps  up  the  obfterva- 
tions  at  the  military  posts,  under  the  enlightened  supervision  of  the 
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Surgeon  General  of  the  Army.  The  Treasury  Department  has,  not 
long  since,  expressed  the  opinion  that  the  keepers  of  light-houses 
should  be  sufficiently  well  instructed  to  make  such  observations.  The 
Navy  Department  fosters  the  meteorological  observations  under  the 
direction  of  the  Smithsonian  Institution.  The  Hudson's  $ay  Com- 
pany have  recently  consented,  on  application  of  the  Association,  to 
establish  observations  at  such  of  their  posts  as  might  seem  desirable 
to  the  Association.  The  States  of  New- York  and  of  Massachusetts 
have  renewed  their  action  in  the  matter.  There  is  a  great  desire  to 
profit  by  these  very  favorable  circumstances  of  our  country,  and  of 
the  present  day,  to  orgranize  a  system^  which  shall  connect  all  these 
efforts,  otherwise  isolated,  and  to  derive  from  these  and  from  similar 
ones  the  means  of  advancing  the  knowledge  of  the  meteorology  of 
North  America. 

We  expect  to  derive  from  systematic  observations,  extended  over 
as  much  of  our  continent  as  is  accessible  to  us,  at  stations  selected 
in  reference  to  the  problems  to  be  made  out,  a  thorough  knowledge 
of  our  climate  in  all  its  relations,  and  of  its  variations  in  the  same 
and  in  different  localities.  The  mean  temperature  of  points  is  to  be 
determined  with  carefully  verified  instruments,  similar  to  each  other, 
similarly  placed,  and  observed  under  the  same  rules  and  condition^: 
the  lines  of  equal  mean  temperature  will  result,  and  the  variations 
at  different  seasons  will  he  shown.  The  limits  of  vegetation  will  be 
found,  and  the  areas  of  climate  adapted  to  the  cereals.  The  parallels 
within  which  wheat,  indian  corn,  etc.  may  be  profitably  cultivated, 
and  which  present  results  so  different  from  those  found  to  exist  in 
the  eastern  continent  in  Asia,  will  be  determined  accurately.  The 
degree  of  dryness  and  moisture  will  be  ascertained ;  the  amount  of 
rain,  and  the  amount  of  evaporation  :  questions  not  only  bearing 
upon  the  health  and  comfort  of  man,  but  upon  his  attempts  to  facili- 
tate communication  by  canals  and  the  improvement  of  rivers,  and 
upon  the  means  of  avoiding  or  controlling  floods  and  freshets.  The 
number  of  days  of  rain,  the  number  of  clear  and  cloudy  days,  and 
the  amount  of  loss  of  the  sun's  effect  by  cloudiness,  will  be  deter- 
mined ;  the  direction  and  force  of  the  wind,  and  the  systems  of  winds 
prevailing  in  different  parts  of  the  continent,  and  in  the  different 
seasons  of  the  year.  The  mean  pressure  of  the  air  and  its  variations 
will  be  seen,  as  shown  by  the  barometer;  from  which  important 
data  in  regard  to  relative  heights  of  points  may  be  obtained,  giving 
the  general  topographical  features  of  our  extended  country,  and 
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serving  as  a  reconnotsance  in  more  distant  parts  of  it  for  railroads 
or  common  roads  which  may  be  proposed.  The  progress  of  waves 
of  pressure,  either  connected  with  storms  or  with  the  ordinary  fluc- 
tuations of  the  atmosphere,  will  be  ascertained.  All  periodical  phe- 
nomena will  be  studied  in  connection  with  these  observations  ;  the 
flowering  of  plants  and  trees,  the  ripening  of  grains  and  of  fruits* 
the  migrations  of  animals.  The  frequence  and  intensity  of  the  aurora 
borealis  will  be  determined  ;  and  its  singular  variations  in  passing 
from  north  to  south,  and  east  to  west,  on  our  continent,  will  be  studied. 
The  direction  of  the  motion,  the  frequency,  the  intensity,  and  other 
circumstances  actuating  our  thunderstorms,  will  be  ascertained.  From 
the  observations  will  result  the  law  of  storms  in  its  full  development ; 
and  its  application  to  all  parts  of  the  continent,  or  limitation  to  par- 
ticular portions,  will  be  entirely  ascertained ;  an  application  so  im- 
portant to  the  farmer  and  navigator,  so  interesting  to  the  man  ct 
science,  and  so  desirable  to  be  known  by  every  one  who  travels  on 
any  of  our  lakes  or  rivers,  or  along  our  extensive  and  sometimes 
stormy  coasts.  The  lines  of  our  telegraphs  will  be  rendered  available 
for  .observations  on  this  subject,  more  complete  than  any  which  have 
been  hitherto  practicable ;  and  while  they  enable  us  to  determine 
the  laWs  of  storms,  will  also  furnish  the  means  of  giving  notice  of 
their  progress,  and  then  of  anticipating  their  approach. 

The  diseases  incident  to  diflerent  climates,  the  phenomena  of 
malaria,  the  progress  and  laws  of  epidemics,  may  be  studied  in 
connection  with  the  periodical  phenomena  from  carefully  collected 
statistics. 

A  contribution  to  ethnology  may  be  the  statistics  of  the  numerical 
decrease  of  the  Indian  races,  to  the  interest  of  which  many  minds 
in  this  country  are  fully  alive. 

These  are  only  a  portion  of  the  results  which  may  be  expected 
from  a  wide-spread  and  well-organized  system  of  meteorological 
observations. 

We  would  propose,  therefore,  to  establish  at  once,  in  addition  to 
those  which  now  exist,  fifty  meteorological  stations  in  the  positions 
named  below ;  to  supply  the  primary  stations  with  a  full  set  of  in- 
struments, carefully  compared  and  of  uniform  construction,  namely,  a 
thermometer,  barometer,  hygi'ometer,  rain  and  snow  gage,  and  wind 
vane;  to  cause  hourly  observations  to  be  made  at  six  or  eight  stations, 
and  observations  three  times  a  day  at  all  others,  according  to  the 
same  system. 
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The  following  list  includes  stations  already  occupied,  which  are, 
however,  marked  to  distinguish  them  from  those  which  it  is  proposed 
to  establish : 

LIST  OF  THE  METEOROLOGICAL  STATIONS  TO  BE  ESTABLISHED. 

Sub-Tropical  Zone.  Key  Weat^  Florida;  Point  Isabel,  Rio  del  Norte;  New- 
Orleansi  Louisiana. 

Wabm  Temperate  Zone.  A,  St  Angnstine,  Florida ;  Tuscaloosa,  Alabama ;  Yicks- 
burgh,  Mississippi;  Fredericksburg,  Texas;  £1  Paso,  New  Mexico;  San 
Dieffo,  California.  B.  Chapel  Hill,  Carolina;  Enoxville,  East  Tennessee; 
Nashville,  West  Tennessee ;  Fort  Atkinson,  Indian  Territory :  Fort  Washitai 
Indian  Territory;  Santa  Fe,  New  Mexico. 

Middle  Temperate  Zone;  A,  X.  Washington,  D.  0. ;  Lexington,  Virginia;  Fort 
Leavenworth,  Indian  Territory;  Bent's  Fort,  do.  A  X,  New- York  City, 
New- York;  a  central  point.  Pennsylvania;  Steubenville,  Ohio;  Colnmbus^ 
do. ;  Indianapolis,  Indiana ;  Springneld,  Illinois ;  Bloomington,  Iowa. 

Middle  Temperate  Zone  (continued).  Fort  Kearney,  M.  T, ;  Fort  Laramie,  M.  T. ; 
Salt  Lake,  Utah:  Fort  Hall,  Oregon;  Nueva  Helvetia,  California;  San 
Francisco,  da 

Cold  Temperate  Zone.  Bowdoin  College,  Maine;  Dartmouth  College,  New- 
Hampshire;  Burlington,  Vermont ;  Kingston,  Canada;  Manitoulin  Island, 
or  Bruce  Mines,  Canada;  Lansing,  Michigan;  Milwaukee,  Wisconsin;  Fort 
Gaines,  Minnesota;  Fort  St  Pierre,  Minnesota  Territory;  Fort  McKenzie. 
do. ;  Fort  Kootanie,  Oregon ;  Fort  Walla  Walla,  do. ;  Fort  Vancouver,  do. ; 
three  new  light-houses  along  the  coast  from  Oregon  \p  Point  Conception, 
California, 

RESOLUTIONS 

Hetohed,  That  the  Committee  on  Meteorology  recommend  to  the  American 
Association  for  the  Advancement  of  Science,  the  appointment  of  a  committee  to 
memorialize  Congress  in  regard  to  the  immediate  extension  of  the  system  of  me- 
teorological observations  now  making  in  the  United  Statest  under  the  direction 
of  the  Smithsonian  Institution. 

Retclved,  That  this  committee  be  authorized  and  directed  to  request  the  Secre- 
tary of  the  Treasury  to  provide  for  the  making  of  meteoro1<^cal  observations^ 
according  to  the  directions  of  the  Smithsonian  Institution^  by  the  keepers  of  the 
light-houses  which  are  to  be  established  at  points  on  the  Western  Coast  of  the 
United  States,  named  in  the  reports  of  the  committee  on  meteorology. 

Jtetolved,  That  the  same  committee  be  requested  to  address  the  Surgeon  Gene- 
ral of  the  United  States  in  reference  to  the  co-operation  of  this  department  in 
the  same  system,  and  to  suggest  the  locations  named  in  the  report  of  the  com- 
mittee on  meteorology  as  those  where  the  observations  should  be  made. 

JReBolved,  That  the  same  committee  be  requested  to  memorialize  the  Canadian 
GoTemment,  and  the  several  legislatures  of  the  States  of  our  Union,  asking 
their  co-operation  in  the  foregoing  system  of  observations. 

ReMolved,  That  the  same  committee  be  requested  to  inform  the  Hudson's  Bay 
Company  of  the  steps  which  have  been  taken  to  carry  into  effect  the  system  re- 
ferred to  in  the  memorial  addressed  to  them  by  this  Association,  at  the  last 
atmaal  meeting. 

26 
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F.   KE80LUTI0NS   AND   ACTS   OF  THE   ASSOCIATIOir. 

Resolved,  That  no  papers  be  accepted  by  the  Association,  unless 
their  titles  be  registered  before  Thursday  morning  (unless  by  vote 
of  the  standing  committee). 

Resolved,  That  the  standing  committees  of  the  sections  be  re- 
quested, before  the  close  of  the  meeting,  to  present  to  the  Permanent 
Secretary  a  list  of  the  papers  which  have  been  read  in  the  sections* 
and  which  they  desire  to  have  published. 

Resolved,  That  hereafter  all  members  of  this  Association  are 
particularly  desired  to  forward  to  the  Permanent  Secretary,  so  as  to 
be  received  before  the  day  appointed  for  the  Association  to  convene, 
complete  titles  of  all  the  papers  which  they  expect  to  present  during 
its  meeting,  with  an  estimate  of  the  time  required  for  reading  each, 
and  such  abstracts  of  their  contents  as  may  give  a  general  idea  of 
their  nature. 

Resolved,  That  the  foregoing  resolution  form  part  of  the  Circular. 

Resolved,  That,  considering  the  circumstances  in  which  they  were 
placed,  the  members  of  this  Association  do  entirely  approve  of  the 
action  of  the  standing  committee  of  this  year. 

Resolved,  That  the  annual  fee  of  membership  be  $2,00 ;  and  that 
payment  of  an  additional  dollar  entitle  a  member  to  a  copy  of. the 
Proceedings  of  the  Meeting. 

Resolved,  That  all  members  of  the  Association  who  have  not  paid 
their  dues,  after  the  issue  of  two  circulars  at  intervals  of  three 
months,  notifying  them  of  that  fact,  be  stricken  from  the  roll  by  the 
Permanent  Secretary. 

Resolved,  That  the  President  of  this  Association  be  requested  to 
appoint  a  committee  of  seven  members,  to  prepare  a  memorial  in 
the  name  of  this  Association,  to  be  addressed  to  the  Grovemor  and 
Legislature  of  New- York,  urging  the  speedy  commencement  of  a 
geographical  survey  of  that  State,  and  presenting  a  matured  project 
of  that  kind  of  survey  deemed  most  desirable,  with  a  careful  estimate 
of  its  cost  :  this  memorial  to  be  duly  presented,  if  possible,  before 
January  next. 
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Retotvedt  That  this  committee  be  requested  to  consider  the  ge- 
neral subject  of  State  Geographical  Surveys,  and  to  report  thereon 
at  the  next  annual  meeting. 

Resolved,  That  the  American  Association  for  the  Advancement  of 
Science  feel  it  due  to  the  eminent  scientific  labors  of  the  late  Samuel 
G.  Morton,  of  Philadelphia,  to  express  their  deep  regret  at  the  loss 
which  science  has  sustained  in  the  death  of  their  distinguished  col- 
league. 

Resolvedt  That  a  copy  of  these  resolutions  be  transmitted  by  the 
President  and  Secretary  to  the  family  of  the  late  S.  G.  Morton. 

Resolved,  That  the  thanks  of  the  American  Association  for  the 
Advancement  of  Science  be  returned  to  the  Mayor  and  Corporation 
of  the  City  of  Albany,  for  the  measures  taken  by  them  to  extend  the 
hospitalities  of  their  city  to  the  members,  and  to  enable  them  to  visit 
its  beautiful  environs  and  the  neighboring  city  of  Troy. 

Resolved,  That  the  thanks  of  this  Association  be  tendered  to  the 
Local  Committee,  for  the  ample  accommodation  and  complete  ar- 
rangements virhich  have  so  much  promoted  the  business  which  has 
come  before  this  body. 

Resolved,  That  the  thanks  of  this  Association  are  hereby  presented 
to  the  Trustees  of  the  Capitol,  to  the  Trustees  of  the  Albany  Female 
Academy,  to  the  Executive  Committee  of  the  State  Normal  School, 
for  accommodations  tendered  this  body  during  its  sitting. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  the 
Governor  of  the  State,  and  to  the  other  gentlemen  who  have  enter- 
tained the  Association,  for  their  kind  hospitality  and  attention  to  the 
members  and  their  families ;  and  also  to  Col.  Baker,  of  the  U.  S. 
Arsenal,  for  his  reception  of  the  Association  at  the  Arsenal ;  and 
likewise  to  the  Rensselaer  Polytechnic  Institution. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  the 
Albany  Academy,  for  the  facility  afforded  in  its  rooms  for  their 
meeting ;  and  also  to  the  Albany  Institute,  for  the  use  of  its  library 
and  collections. 

Resolved,  That  |he  thanks  of  the  American  Association  be  pre- 
sented to  the  Trustees  and  Faculty  of  the  Albany  Medical  College, 
for  the  kind  offer  of  the  use  of  their  rooms  for  the  purposes  of 
meeting,  and  aldo  for  the  invitation  to  visit  the  museum  of  the  same. 
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Resolvedf  That  the  thanks  of  this  Association  be  likewise  tendered 
the  members  of  the  Young  Men's  Association,  for  the  kind  offer  of 
the  use  of  their  rooms  to  the  members  of  this  body« 

Resolved^  That  the  thanks  of  the  Association  be  returned  to  the 
Superintendent  of  the  Western  Railroad,  and  of  the  roads  from 
Cincinnati  to  Cleveland  and  Sandusky,  and  of  the  Utica  and  Sche- 
nectady Railroad,  for  the  facilities  offered  to  members  in  their  passage 
to  and  from  the  Albany  meeting. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  the 
Regents  of  the  University  of  the  State  of  New- York,  for  their  at- 
tentions to  the  Association  while  in  this  city. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  those 
gentlemen  of  Albany,  who  have  subscribed  towards  publishing  the 
Proceedings  of  the  Association ;  and  that  those  giving  $5,00  and 
upwards,  receive  a  copy  of  the  Proceedings. 

Resolved,  That  the  Section  on  Meteorology  approves  entirely  the 
mode  of  testing  and  graduating  the  thermometer,  and  the  arrange- 
ment and  construction  of  the  barometer,  and  other  meteorological 
instruments  adopted  by  the  Smithsonian  Institution  and  by  the  States 
of  New- York  and  Massachusetts,  and  now  explained  by  Professor 
GmroT. 

Resolved,  That  the  Permanent  Secretary  be  directed  to  collect  all 
the  actual  rules,  regulations  and  resolutions  of  the  Association,  and 
publish  them  in  the  next  volume  of  Proceedings  as  an  appendix  to 
the  Constitution. 

Resolved,  That  a  committee  be  appointed,  to  represent  to  the 
Secretary  of  the  Interior  the  importance  of  presenting,  in  Major 
Emory's  Report  on  the  United  States  and  Mexican  Boundary,  the 
zoological  results  obtained  by  Dr.  Lb  Conte  and  others  in  the  same 
section  of  country.  Said  committee  to  consist  of  Prof.  Agabsiz, 
Dr.  ToRREY,  Prof.  Dana,  Dr.  Rirtland,  Prof.  Baird. 

Resolved,  That  the  Committee  on  Meteorological  Observations  be 
continued,  to  act  in  reference  to  the  extension  of  the  system  of  me- 
teorological observations  now  in  operation  under  the  direction  of  the 
Smithsonian  Institution. 
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Whereas  the  provision  of  the  Constitution  appears  to  be  indefi- 
nite in  regard  to  the  term  of  service  of  the  chairmen  and  secretaries 
of  the  Sections  : 

Resolvedf  That  the  sections  be  requested  to  direct  the  chairmen 
of  their  several  standing  committees  to  attend  to  the  current  busi- 
ness of  the  section,  and  to  appoint  a  chairman  for  each  day  of  the 
meeting. 

Resolved^  That  the  sections  be  requested  to  appoint  a  secretary 
for  the  period  of  the  meeting,  whose  duty  it  shall  be  to  furnish  to 
the  Permanent  Secretary,  for  publication,  a  full  report  of  all  pro- 
ceedings and  discussions. 

Resolved,  That  the  following  resolutions  be  presented  to  the 
Association  at  the  opening  of  the  Cleveland  Meeting,  for  adoption : 

1.  That  all  papers^  either  at  the  general  or  in  the  seyeral  Bectional  meetings^ 
shall  be  read  in  the  order  in  which  thej  are  entered  upon  the  books  of  the  As- 
sociation ;  except  that  those  which  may  be  entered  by  a  member  of  the  standing 
committee  of  the  Association,  shall  be  liable  to  postponement  by  the  standing 
committees  of  the  sections. 

If  this  regulation  should  be  adopted  by  the  Association, 
members  will  recognize  the  expediency  of  entering  the  titles  of 
their  communications  at  as  early  a  date  as  possible. 

2.  That  if  any  communication  shoald  not  be  ready  at  the  assigned  time,  it  shall 
be  dropped  to  the  bottom  of  the  list,  and  shall  not  be  entitled  to  take  precedence 
of  anj  subsequent  communication. 

8.  That  no  exchanges  shall  be  made  between  members,  without  authority  of 
the  respective  standing  committees. 
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CORRECTIONS. 

Page  74.  Art  12,  "Relation  of  iffs  chemical  constitution  of  bodies  to  lightt** 
should  be  entered  as  not  recnved^  and  the  entire  article  regarded  as 
cancelled ;  the  same  haying  been  reprinted  from  a  mere  rude  news- 
paper report)  unrevised  bj  the  author,  and  subsequently  disavowed. 

Page  207.  Since  art  7,  "Solidification  of  the  rocks  of  the  Florida  reefs,  and  the 
sources  of  lime  in  the  growth  of  corals^"  was  printed,  Pro£  J.  D.  Dana 
has  stated  to  the  author,  that  "  the  remarks  cited  in  the  38d  line  of 
page  213,  from  his  Geological  Report,  were  not  intended  to  conyey 
the  idea  that  corals  flourish  best  in  the  vicinity  of  fresh  waters." 

Page  240.    The  formula  in  line  33  should  be 

HO,SiO„CrA.Fe,0,. 
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